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Superior Penetration- Less grams of pressure 
to penetrate tissue than Ethicon C-S Ultima Series. 
S Series 16.34 grams 
Ethicon C-S Ultima 19.83 grams 
Ideal Design -—Flattened to 44° with a chord length 
of 6.25mm for a shallow controlled length bite. 
SU-3 needle* 3” 10-0 nylon # 8065-21840! 
*Needle design suggested by Paul Koch, M.D 


CS Ultima is a trademark of Johnson & Johnson 
Data on file, Alcon Surgical, Inc © 1990. Alcon Surgical. Inc 
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John Shepherd, M.D 

¢ 3-4mm incision 

¢ Exposed knot covered 
with conjunctiva 

Paul Koch, MD 

¢ 4-5 2mm incision 

¢ Buried knot 

Samuel Masket, M.D 

¢4-7mm Incision 

* Knot buried centrally 
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Alcon Surgical, Inc., 
6201 South Freeway, 
Fort Worth, TX 76134 
|-800-TO-ALCON 
1-800-862-5266 


Alcon 


SURGICAL 


Innovation 
Without 


Compromise 
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The long-lasti 
intraocular fhiot daent 


MIOSTAT” solution constricts pupils 
for up to 24 hours after surgery 

A full day of protection and peace of mind. That's 
what MIOSTAT solution can deliver. 


MIOSTAT solution offers the advantages of a stable 


pH, compatible osmolality, and physiologic BSS’ 
(intraocular irrigating solution) delivery system. It is 
nontoxic to delicate intraocular tissues and causes little 
or no postop corneal swelling. MIOSTAT solution also 
protects against premature mydriasis and, thus, helps 
maintain unobstructed aqueous humor outflow during 
the critical postop recovery hours. This translates into 
real peace of mind. 


Alcon Surgical, Inc., 6201 South Freeway, Fort Worth, TX 76134 
1-800-TO ALCON (1-800-862-5266) 

“Copyright, Alcon Surgical, Inc., 1990 BSS 005 

Please see next page for product disclosure information 


Helps stabilize IOLs...and is reversible 

A stable pupil makes for a stable IOL. The long- 
lasting miotic effect of MIOSTAT helps prevent IOL 
displacement after wound closure...up to a full day after. 
But that's not all. Whenever desired, MIOSTAT solution 
miosis can usually be reversed with any of several topical 
dilating agents. 

So get the long-lasting protection of MIOSTAT for 
your surgery practice and enjoy a little peace of mind. 

Corneal clouding, persistent 
bullous keratopathy, and postop- 
erative iritis following cataract 
extraction with utilization of 
intraocular carbachol have been 
reported. As with all miotics, 
retinal detachment has been innovation 
reported when miotics are used Without 
in certain susceptible individuals. Compromise 
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MIOSTAT® 
(CARBACHOL) 
0.01% INTRAOCULAR SOLUTION 


DESCRIPTION: MIOSTAT® (Carbachol 0.01%) is a sterile 
balanced salt solution of Carbachol for intraocular injec- 
tion. The active ingredient is represented by the chemical 
structure: 


H 0 CH, 
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H CH, 


Established name: 
Carbachol 
Chemical name: 

Ethanaminium, 

2-((aminocarbonyl) oxy]- 

N,N,N-trimethyl-, chloride. 
Each ml contains: Active: Carbachol 0.01%. Inactive: 
Sodium Chloride 0.64%, Potassium Chloride 0.075%, 
Calcium Chloride Dihydrate 0.048%, Magnesium Chloride 
Hexahydrate 0.03%, Sodium Acetate Trihydrate 0.39%, 
Sodium Citrate Dihydrate 0.17%, Sodium Hydroxide 
and/or Hydrochloric Acid (to adjust pH) and Water for 
Injection. DM-01 
CLINICAL PHARMACOLOGY: Carbachol is a potent 
cholinergic (parasympathomimetic) agent. 
INDICATIONS AND USAGE: Intraocular use for miosis 
during surgery. 
CONTRAINDICATIONS: Should not be used in those 
persons showing hypersensitivity to any of the compo- 
nents of this preparation. 
WARNINGS: For single-dose intraocular use only. Discard 
unused portion. Intraocular Carbachol 0.01% should be 
used with caution in patients with acute cardiac failure; 
bronchial asthma, peptic ulcer, hyperthyroidism, G.I. 
spasm, urinary tract obstruction and Parkinson's disease. 
ADVERSE REACTIONS: Side effects such as flushing, 
sweating, epigastric distress, abdominal cramps, tightness 
in urinary bladder, and headache have been reported after 
systemic or topical use of Carbachol. These symptoms 
were not reported following intraocular use of Carbachol 
0.01% in pre-marketing studies. 
Corneal clouding, persistent bullous keratopathy and 
post-operative iritis following cataract extraction with uti- 
lization of intraocular Carbachol have been reported in an 
occasional patient. As with all miotics, retinal detachment 
has been reported when miotics are used in certain sus- 
ceptible individuals. 
OVERDOSAGE: Atropine should be administered par- 
enterally (for dosage refer to Goodman & Gilman or other 
pharmacology reference). 
DOSAGE AND ADMINISTRATION: Aseptically remove 
the sterile vial from the blister package by peeling the 
backing paper and dropping the vial onto a sterile tray. 
Withdraw the contents into a dry sterile syringe, and 
replace the needle with an atraumatic cannula prior to 
intraocular irrigation. No more than one-half milliliter 
should be gently instilled into the anterior chamber for the 
production of satisfactory miosis. It may be instilled before 
or after securing sutures. Miosis is usually maximat within 
two to five minutes after application. 
HOW SUPPLIED: In 1.5 ml sterile glass vials packaged 
twelve to a carton. 

NDC 0065-0023-15 
REVISED: July 1984 
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6201 South Freeway 
Fort Worth, TX 76134 
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To receive the best 
response from your 
recruitment ad, look to 
“Classified Advertising” 
in AMA publications. 


AMA Specialty Journals are 
unmatched in providing a 
targeted readership. So, all nine 
journals — The Archives and 


AJDC, do exactly what you 
want. Each one puts your 
recruitment message in the 
hands of qualified doctors in 
the specialty you are trying 
fo reach. 


The affordable and very efficient 
“Classified Advertising’ section 
in each journal offers a highly 
visible concentration of wide- 
ranging physician opportunities 
within each specialty. 

Take your choice, but make that 
choice an AMA specialty journal 
for physician recruiting. For 
complete advertising 
information, please call or write: 


AMA SPECIALTY JOURNALS 
The Media of Choice 


American Journal of Archives of Pathology 
Diseases of Children § & Laboratory Medicine 


Archives of Dermatology Archives of Interna! Medicine 


Archives of General Psychiatry Archives of Neurology 


Archives of Otolaryngology Archives of Ophthalmology 
-Head & Neck Surgery Archives of Surgery 





FIRST, 
YOU CAN'T 
SWALLOW. 


THEN 
YOU CAN'T 


SPEAK. 


FINALLY, 
YOU CAN'T 
BREATHE. 


You have ALS — “Lou Gehrig's 
disease.” 

Gradually, you'll become unable 
to walk or use your hands. You'll find 
yourself drooling. Your reflexes will 
disappear. 

Your mind, however, will remain 
completely clear, leaving you a 
frustrated prisoner in a body you 
can’t control. 

ALS is a fatal neuromuscular 
disorder that attacks adults in the 
prime of life. Right now, no cure is 
known. But the Muscular Dystrophy 
Association has launched an all-out 
assault against this dread disease. 

MDA has developed the world’s 
largest integrated ALS research and 
patient services program. The Asso- 
ciation has established five major ALS 
research centers and maintains some 
230 clinics to help people with ALS 
and other neuromuscular disorders. 
And MDA is the only voluntary 
health agency that provides patients 
with a wide range of medical care 
and equipment free of charge. 

You can help MDA fight ALS and 
dozens of other neuromuscular disor- 
ders by making a tax-deductible dona- 
tion to the Association. You can even 
specify that your check is to be used 
exclusively to bene- — m 
fit ALS patients. 

There are 
20,000 ALS pa- 
tients in America 
who can't write 
checks or even 
read this ad out 
loud. Pleasesend 4. ae 
your contribution Lou Gehrig 
to MDA today. Yankee's Hall-of-Famer 


MDA. 


Muscular Dystrophy Association 
Jerry Lewis, National Chairman 








To make a donation or bequest to MDA, or for 
more information on MDA and ALS, write to: 
Muscular Dystrophy Association, 

810 Seventh Avenue, New York, NY 10019. 
Or contact your local MDA office. 
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Polytrim® Ophthalmic Solution Sterile 
(trimethoprim sulfate and polymyxin B sulfate) 


INDICATIONS AND USAGE: Polytrim Ophthalmic Solution is 
indicated in the treatment of surface ocular bacterial infections, 
including acute bacterial conjunctivitis, and blepharoconjunc- 
tivitis, caused by susceptible strains of the following microor- 
ganisms: Staphylococcus aureus, Staphylococcus epidermidis, 
Streptococcus pneumoniae, Streptococcus viridans, Haemophilus 
influenzae and Pseudomonas aeruginosa* * Efficacy for this or- 
ganism in this organ system was studied in fewer than 10 infec- 
tions. CONTRAINDICATIONS: Polytrim Ophthalmic Solution is 
contraindicated in patients with known hypersensitivity to any 
of its components. WARNINGS: NOT FOR INJECTION INTO THE 
EYE. If asensitivity reaction to Polytrim occurs, discontinue use. 
Polytrim Ophthalmic Solution is not indicated for the prophylaxis 
or treatment of ophthalmia neonatorum. PRECAUTIONS: 
General: As with other antimicrobial preparations, prolonged 
use may result in overgrowth of nonsusceptible organisms, 
including fungi. If superinfection occurs, appropriate therapy 
should be initiated. Information for Patients: Avoid contam- 
inating the applicator tip with material from the eye, fingers, or 
other source. This precaution is necessary if the sterility of the 
drops is to be maintained. If redness, irritation, swelling or pain 
persists or increases, discontinue use immediately and contact 
your physician. Carcinogenesis, Mutagenesis, Impairment of 
Fertility: Carcinogenesis: Long-term studies in animals to 
evaluate carcinogenic potential have not been conducted with 
polymyxin B sulfate or trimethoprim. Mutagenesis: Trimetho- 
prim was demonstrated to be non-mutagenic in the Ames assay. 
In studies at two laboratories no chromosomal damage was 
detected in cultured Chinese hamster ovary cells at concentra- 
tions approximately 500 times human plasma levels after oral 
administration; at concentrations approximately 1000 times 
human plasma levels after oral administration in these same cells 
a low level of chromosomal damage was induced at one of the 
laboratories. Studies to evaluate mutagenic potential have not 
been conducted with polymyxin B sulfate. Impairment of Fer- 
tility: Polymyxin B sulfate has been reported to impair the 
motility of equine sperm, but its effects on male or female fertility 
are unknown. No adverse effects on fertility or general reproduc- 
tive performance were observed in rats given trimethoprim in 
oral dosages as high as 70 mg/kg/day for males and 14 mg/kg/day 
for females. Pregnancy: Teratogenic Effects: Pregnancy 
Category C. Animal reproduction studies have not been 
conducted with polymyxin B sulfate. It is not known whether 
polymyxin B sulfate can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity. Trimetho- 
prim has been shown to be teratogenic in the rat when given in 
oral doses 40 times the human dose. In some rabbit studies, the 
overall increase in fetal loss (dead and resorbed and malformed 
conceptuses) was associated with oral doses 6 times the human 
therapeutic dose. While there are no large well-controlled studies 
on the use of trimethoprim in pregnant women, Brumfitt and Pur- 
sell, in a retrospective study, reported the outcome of 186 preg- 
nancies during which the mother received either placebo or oral 
trimethoprim in combination with sulfamethoxazole. The inci- 
dence of congenital abnormalities was 4.5% (3 of 66) in those who 
received placebo and 3.3% (4 of 120) in those receiving trimetho- 
prim and sulfamethoxazole. There were no abnormalities in the 
10 children whose mothers received the drug during the first 
trimester. In a separate survey, Brumfitt and Pursell also found 
no congenital abnormalities in 35 children whose mothers had 
received oral trimethoprim and sulfamethoxazole at the time of 
conception or shortly thereafter. Because trimethoprim may 
interfere with folic acid metabolism, trimethoprim should be used 
during pregnancy only if the potential benefit justifies the poten- 
tial risk to the fetus. Nonteratogenic Effects: The oral adminis- 
tration of trimethoprim to rats at a dose of 70 mg/kg/day com- 
mencing with the last third of gestation and continuing through 
parturition and lactation caused no deleterious effects on gesta- 
tion or pup growth and survival. Pediatric Use: Safety and 
effectiveness in children below the age of 2 months have not been 
established (see WARNINGS). ADVERSE REACTIONS: The most 
frequent adverse reaction to Polytrim Ophthalmic Solution is local 
irritation consisting of transient burning or stinging, itching or 
increased redness on instillation. These reactions occur in less 
than 4 of 100 patients treated. Polytrim has a low incidence of 
hypersensitivity reactions (less than 2 of 100 patients treated) 
consisting of lid edema, itching, increased redness, tearing and/or 
circumocular rash. Although sensitivity reactions to trimethoprim 
are rare, an isolated incident of photosensitivity was reported 
in a patient who received the drug orally. 


@ ALLERGAN PHARMACEUTICALS 


Allergan Pharmaceuticals, A Division of Allergan, Inc. 
Irvine, CA 92713 ©1990 Allergan, Inc. 
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Whats Been Missing 
From Your 


Ocular Antı-Infectıve 
Therapy? 


j 


Polytrim Ophthalmic Solution, containing 
the antimicrobial agent trimethoprim, is the first 
new ophthalmic anti-infective to appear in nine 
years. And it may be one of the most remarkable. ~ 

Polytrim Solution was proven 98% 
clinically effective in the treatment of acute 
bacterial conjunctivitis, blepharitis and blepharo- 
conjunctivitis in a randomized, double-masked 
comparative study. ! ; 

In vitro, Polytrim Solution is active 
against the most common ocular pathogens, 
including various Strains shown resistant to some 
other ocular anti-infectives, such as 


The Broad- Spectrum 
_ _ Coverage Of 
F Trimethoprim & 


Polymyxin B 


il Streptococcus pneumoniae, Staphylococcus 


aureus, Haemophilus influenzae and 
Pseudomonas aeruginosa. ! In vitro data are not 
always predictive of clinical results. 

Polyirim Solution is well-tolerated, 
demonstrating no corneal toxicity in clinical 
trials. In a study involving over 800 patients, 
the incidence of hypersensitivity reactions was 
less than 2%. And that can mean better patient 
acceptance. 

So for effective, yet gentle, ocular anti- 
infective therapy, choose new Polytrim Solution. 

And experience well-tolerated, broad- 
spectrum ophthalmic coverage as you never 
have before. 


Polytrim 
Ophthalmic Solution Sterile 


(trimethoprim sulfate 0.1% & 
polymyxin B sulfate 10, 000 units/ml) 


The everyday solution for bond 
spectrum ocular anti-infectwe therapy. — 


Polytrim Ophthalmic Solution is not indicated for the prophylaxis or 
treatment of ophthalmia neonatorum. as 
1. Ashley KC. The antimicrobial activity of topical anti- -infective eye ~~~ 
preparations. Med Lab Sci 1986;43:157-162. 

Please see adjacent page for brief prescribing information. 


© ALLERGAN PHARMACEUTICALS Allergan Pharmaceuticals A Division of Allergan, Inc. Irvine, CA 92713 © 1990 Allergan, Inc. 
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Cryotherapy for Retinopathy of Prematurity: None, One, or 
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Subretinal Neovascularization Following Multiple Evanescent 
White-Dot Syndrome 


George J. Wyhinny, MD; James L. Jackson, MD; 
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Federal Agency to Develop Cataract Management Guidelines by January 1991 
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An Amazing 
New 
Development! 
Introducing 
the Barron 
Radial Vacuum 
Trephine. 


A Trephine 
that Marks the Cornea 
for Suture Placement. 








New! An easy-to-use corneal 
trephine that creates an accurate, 
uniform and perpendicular cut, 
contains crosshairs for centration, 
and clearly marks the recipient 
cornea for suture placement. 

Now available for immediate 
shipment, sterilized and ready to 
use, in sizes 6.0mm, 6.5mm, 
7.0mm, 7.5mm, 8.0mm, 8.5mm, 
9.0mm. To order, simply contact 
Precision Instruments. 


fey Precision Instruments, Inc. 
G 5304 SOUTH SAGINAW ROAD FLINT, MICHIGAN 48507 
313-695-2080 = Fax-313-695-0948 
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Do We Have a Nutritional Treatment for Age-Related 
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FIG. 1 


Which inner square appears to be larger? 


Which inner circle looks smaller? 





Perception versus reality. 

In glaucoma therapy, Betagan® (levobunolol 
HC1) 0.5% Ophthalmic Solution is an effective 
way to treat elevated IOP associated with open- 
angle glaucoma. But some perceive Timoptic” 
(timolol maleate) 0.5% to be more effective. 

In reality, a four-year, double-masked study 
evaluating B.I.D. therapy in 391 patients with 


1. Timoptic is a registered trademark of Merck Sharp & Dohme. 2. The Levobunolol Study Group. Levobunolol—A four-year study of efficacy and safety in 





Beta-Blockers From A 


open-angle glaucoma or ocular hypertension 
concluded that Betagan and Timoptic are 
equally effective in lowering intraocular 
pressure.’ 

Now add another dimension. Betagan 
Ophthalmic Solution provides an active 
metabolite contributing to long-lasting 


efficacy, plus the opportunity for improved 
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Which horizontal line seems longer? 


Which beta-blocker do you perceive to be more effective? 














Different Perspective 


compliance with the C Cap” Compliance Cap. 





n’ 
(levobunolol HCl) 0.5% 


Liquifilm” sterile ophthalmic solution 

with C Cap™ Compliance Cap 

Betagan is contraindicated in patients with bronchial asthma, a history of 
bronchial asthma, severe chronic obstructive pulmonary disease; sinus 


bradycardia; second- and third-degree atrioventricular block; overt cardiac 
failure; cardiogenic shock; hypersensitivity to any component of this product. 


You won't see these in Timoptic because they 
simply aren't there. 

So when it comes to safe, effective therapy 
for your glaucoma patients, take a long, hard 
look at Betagan Ophthalmic Solution. 

And you may never see beta-blockers quite 


the same way again. Please see brief prescribing information on next page. 


glaucoma treatment. Ophthalmol May 1989;96(5) : 642-645. Allergan Pharmaceuticals A Division Of Allergan, Inc. Irvine, CA 92713 ©1990 Allergan, Inc. 
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® 
Betagan (levobunolol HCI) 
Liquifilm® sterile ophthalmic solution 


INDICATIONS AND USAGE: BETAGAN 0.25 % and 0.5 % have been 
shown to be effective in lowering intraocular pressure and may be used 
in patients with chronic open-angle glaucoma or ocular hypertension. 

CONTRAINDICATIONS: BETAGAN is contraindicated in those 
individuals with bronchial asthma or with a history of bronchial asthma, 
or severe chronic obstructive pulmonary disease (see WARNINGS); sinus 
bradycardia; second and third degree atrioventricular block; overt cardiac 
failure (see WARNINGS); cardiogenic shock; or hypersensitivity to any 
component of this product. WARNINGS: As with other topically applied 
ophthalmic drugs, BETAGAN may be absorbed systemically. The same 
adverse reactions found with systemic administration of beta-adrenergic 
blocking agents may occur with topical administration. For example, 
severe respiratory reactions and cardiac reactions, including death due 
to bronchospasm in patients with asthma, and rarely death in associa- 
tion with cardiac failure, have been reported with topical application of 
beta-adrenergic blocking agents (see CONTRAINDICATIONS). Cardiac 
Failure: Sympathetic stimulation may be essential for support of the cir- 
culation in individuals with diminished myocardial contractility, and its 
inhibition by beta-adrenergic receptor blockade may precipitate more 
severe failure. In Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over a period 
of time can, in some cases, lead to cardiac failure. At the first sign or symp- 
tom of cardiac failure, BETAGAN should be discontinued. Non-allergic 
Bronchospasm: In patients with non-allergic bronchospasm or with a 
history of non-allergic bronchospasm (e.g., chronic bronchitis, 

emphysema), BETAGAN should be administered with caution since it 
may block bronchodilation produced by endogenous and exogenous 
catecholamine stimulation of betaz receptors. Major Surgery: The necessity 
or desirability of withdrawal of beta-adrenergic blocking agents prior to 
major surgery is controversial. Beta-adrenergic receptor blockade impairs 
the ability of the heart to respond to beta-adrenergically mediated reflex 
stimuli. This may augment the risk of general anesthesia in surgical pro- 
cedures. Some patients receiving beta-adrenergic receptor blocking agents 
have been subject to protracted severe hypotension during anesthesia. 

For these reasons, in patients undergoing elective surgery, gradual 
withdrawal of beta-adrenergic receptor blocking agents may be 
appropriate. If necessary during surgery, the effects of beta-adrenergic 
blocking agents may be reversed by sufficient doses of such agonists as 
isoproterenol, dopamine, dobutamine or levarterenol (see OVER- 
DOSAGE). Diabetes Mellitus: Beta-adrenergic blocking agents should be 
administered with caution in patients subject to spontaneous hypoglycemia 
or to diabetic patients (especially those with labile diabetes) who are 
receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglycemia. 

Thyrotoxicosis: Beta-adrenergic blocking agents may mask certain clinical 
signs (e.g., tachycardia) of hyperthyroidism. Patients suspected of develop- 

ing thyrotoxicosis should be managed carefully to avoid abrupt withdrawal 
of beta-adrenergic blocking agents which might precipitate a thyroid storm. 

Contains sodium metabisulfite, a sulfite that may cause allergic- type reac- 
tions including anaphylactic symptoms and life-threatening or less severe 
asthmatic episodes in certain susceptible people. The overall prevalence 
of sulfite sensitivity in the general population is unknown and probably 
low. Sulfite sensitivity is seen more frequently in asthmatic than in non- 
asthmatic people. PRECAUTIONS: General: BETAGAN® (levobunolol 
HCI) Liquifilm® sterile ophthalmic solution should be used with caution 
in patients with known hypersensitivity to other beta-adrenoceptor 
blocking agents. Use with caution in patients with known diminished 
pulmonary function. In patients with angle-closure glaucoma, the 
immediate objective of treatment is to reopen the angle. This requires, 
in most cases, constricting the pupil with a miotic. BETAGAN has little 
or no effect on the pupil. When BETAGAN is used to reduce elevated 
intraocular pressure in angle-closure glaucoma, it should be followed with 
a miotic and not alone. Muscle Weakness: Beta-adrenergic blockade has 
been reported to potentiate muscle weakness consistent with certain 
myasthenic symptoms (e.g., diplopia, ptosis and generalized weakness). 
Drug Interactions: BETAGAN should be used with caution in patients 
who are receiving a beta-adrenergic blocking agent orally, because of 
the potential for additive effects on systemic beta-blockade. Although 


BETAGAN used alone has little or no effect on pupil size, mydriasis resulting 
from concomitant therapy with BETAGAN and epinephrine may occur. 

Close ebservation of the patient is recommended when a beta-blocker 
is administered to patients receiving catecholamine-depleting drugs such 
as reserpine, because of possible additive effects and the production of 
hypotension and/or marked bradycardia, which may produce vertigo, 
syncope, or postural hypotension. Arumal Studies: No adverse ocular effects 
were observed in rabbits administered BETAGAN topically in studies 
lasting one year in concentrations up to 10 times the human dose con- 
centration. Carcinogenesis, mutagenesis, impairment of fertility: In a 
lifetime oral study in mice, there were statistically significant (p < 0.05) 
increases in the incidence of benign leiomyomas in female mice at 200 
mg/kg/day (14,000 times the recommended human dose for glaucoma), 
but not at 12 or 50 mg/kg/day (850 and 3,500 times the human dose). 
In a two-year oral study of levobunolol HCI in rats, there was a statisti- 
cally significant (p < 0.05) increase in the incidence of benign hepatomas 
in male rats administered 12,800 times the recommended human dose 
for glaucoma. Similar differences were not observed in rats administered 
oral deses equivalent to 350 times to 2,000 times the recommended 
human dose for glaucoma. Levobunolol did not show evidence of 
mutagenic activity m a battery of microbiological and mammalian in 
vitro and in vivo assays. Reproduction and fertility studies in rats showed 
no adverse effect on male or female fertility at doses up to 1,800 times 
the recommended human dose for glaucoma. Pregnancy Category C: 
Fetotoxicity (as evidenced by a greater number of resorption sites) has 
been observed in rabbits when doses or levobunolol HCI equivalent to 
200 and 700 times the recommended dose for the treatment of glaucoma 
were given. No fetotoxic effects have been observed in similar studies with 
rats at up to 1,800 times the human dose for glaucoma. Teratogenic studies 
with levobunolol in rats at doses up to 25 mg/kg/day (1,800 times the 
recommended human dose for glaucoma) showed no evidence of fetal 
malformations. There were no adverse effects on postnatal development 
of offspring. It appears when results from studies using rats and studies 
with other beta-adrenergic blockers are examined, that the rabbit may 
be a particularly sensitive species. There are no adequate and well- 
controlled studies in pregnant women. BETAGAN should be used during 
pregnancy only if the potential benefit justifies the potential risk to the 
fetus. Nursing Mothers: It is not known whether this drug is excreted in 
human milk. Systemic beta-blockers and topical timolol maleate are 
known to be excreted in human milk. Caution should be exercised when 
BETAGAN is admmistered to a nursing woman. Pediatric Use: Safety and 
effectiveness in children have not been established. ADVERSE 
REACTIONS: In clinical trials the use of BETAGAN has been associated 
with transient ocular burning and stinging in about 1 in 3 patients, and 
with blepharoconjunctivitis in about 1 in 20 patients. Decreases in heart 
rate and blood pressure have been reported (see CONTRAINDICATIONS 
and WARNINGS). The following adverse effects have been reported rarely 
with the use of BETAGAN: iridocyclitis, headache, transient ataxia, dizzi- 
ness, lethargy, urticaria and pruritus. Decreased corneal sensitivity has 
been noted in a small number of patients. Although levobunolol has 
minimal membrane-stabilizing activity, there remains a possibility of 
decreased corneal sensitivity after prolonged use. The following addi- 
tional adverse reactions have been reported with ophthalmic use of beta1 
and beta2 (non-selective) adrenergic receptor blocking agents: BODY AS 
A WHOLE: Headache. CARDIOVASCULAR; Arrhythmia, syncope, heart 
block, cerebral vascular accident, cerebral ischemia, congestive heart 
failure, palpitation. DIGESTIVE: Nausea. PSYCHIATRIC: Depression. 
SKIN: Hypersensitivity, including localized and generalized rash. 

RESPIRATORY: Bronchospasm (predominantly in patients with pre- 
existing bronchospastic disease), respiratory failure. ENDOCRINE: 

Masked symptoms of hypoglycemia in insulin-dependent diabetics (see 
WARNINGS). SPECIAL SENSES: Signs and symptoms of keratitis, 
blepharoptosis, visual disturbances including refractive changes (due to 
withdrawal of miotic therapy in some cases), diplopia, ptosis. Other reac- 
tions associated with the oral use of non-selective adrenergic receptor 
blocking agents should be considered potential effects with ophthalmic 


use of these agents. 
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Allergan Pharmaceuticals, A Division of Allergan, Inc. 
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Note: Please read these instructions carefully—technical deficien- 
cies must be corrected before manuscripts can be reviewed. 

Send manuscripts to the Editor, Morton F. Goldberg, MD, The 
Wilmer Institute, The Johns Hopkins Hospital, 600 N Wolfe St, 
Baltimore, MD, 21205; (301) 955-1358. Manuscripts are received with 
the understanding that they have not previously been published 
anywhere in any language and are not under simultaneous consider- 
ation by another publication. A complete manuscript submitted fol- 
lowing presentation or publication of preliminary findings elsewhere 
(eg, in an abstract) may be considered. Include copies of possibly 
duplicative material. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published elsewhere with- 
out permission from the publisher (AMA). After initial publication, 
certain articles will appear in translation in the Chinese-language 
edition. 

The text should, in general, not exceed 14 double-spaced typewrit- 
ten pages. 


Transmittal letters to the editor must contain the following lan- 
guage: “In consideration of the American Medical Association’s tak- 
ing action in reviewing and editing my submission, the author(s) 
undersigned hereby transfers, assigns, or otherwise conveys all copy- 
right ownership to the AMA in the event that such work is published by 
the AMA.” This statement must be signed by all authors listed before it 
can be sent out for review. We regret that transmittal letters not 
containing the foregoing language signed by all authors of the submis- 
sion will necessitate delay in the review of the manuscript. 


In case the work was done by a federal employee, each author must 
include a signed statement that the work reported was done while he 
or she was employed by the federal government. 


Author Responsibility. — All accepted manuscripts are subject to 
copy editing. The corresponding author will receive an edited type- 
script rather than galley proofs for approval. The author is responsi- 
ble for all statements in his work, including changes made by the copy 
editor. Designate one author as correspondent and provide his ad- 
dress and telephone number. If the corresponding author does not 
reside in North America, please provide a fax number, if possible. A 
manuscript should not ordinarily list more than six authors. If more 
than six authors are listed, a detailed written description of each 
person's personal contributions should be submitted with the manu- 
script. Such contributions must be substantial. In order to qualify for 
authorship, the following must be true: 


“I certify that I have participated sufficiently in the conception and 
design of this work and the analysis of the data (when applicable and 
within my area of expertise), or the writing of the manuscript, to take 
public responsibility for it. I believe the manuscript represents valid 
work. I have reviewed the final version of the manuscript and ap- 
prove it for publication. Neither this manuscript nor one with sub- 
stantially similar content under my authorship has been published or 
is being considered for publication elsewhere, except as described in 
an attachment. Furthermore, I attest that I shall produce data upon 
which the manuscript is based for examination by the editors or their 
assignees if requested.” 


Manuscript Preparation. —Submit an original typescript and two 
high-quality copies. All copy (including references, legends, and 
tables) must be typed double-spaced on 21.6 x 27.9-cm (8 '/2 x 11-in) 
paper. Margins of at least 2.5 em (1 in) must be provided. If a word 
processor is used, do not justify the right margin. 


Titles. —Titles should be short, specific, and clear and typed on a 
special page. They should not exceed 42 characters per line, including 
punctuation and spaces, and be limited to two lines, if possible. The 
title page should include the first name, middle initial, and last name 
of all authors with their highest academic degree and professional 
affiliation of all authors and city location. It should also include the 
address (if different from the senior author's) to which requests for 
reprints should be sent. 


Informed Consent. — Manuscripts reporting the results of experi- 
mental investigations of human subjects must include a statement to 
the effect that legal requirements governing consent were met. 

Refer to patients by number, eg, patient 1 (or, in anecdotal reports, 
by fictitious given names). 
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Financial Disclosure. —If the article discusses in any way a de- 
vice, equipment, an instrument, or a drug, the author(s) must state in 
a footnote whether they do or do not have any commercial or propri- 
etary interest in the product or company. Likewise, they must reveal 
whether they have any financial interest or receive payment as a 
consultant, reviewer, or evaluator. In addition, authors must disclose 
any financial interest owned by a spouse, minor child, or relative 
living in the same household, or known to be held by the author's 
employer, partner, or business associate. In addition to footnoting 
proprietary interest, the following statement must be true: 

“All affiliations with or involvement in any organization or entity 
with a direct financial interest in the subject matter or materials 
discussed in the manuscript (eg, employment, consultancies, stock 
ownership, honoraria) have been disclosed in an attachment. I under- 
stand that such affiliation(s) will not affect consideration of the manu- 
script but may be published as a footnote if the manuscript is 
accepted.” 

Note: Research or project support should be listed in an 
acknowledgment. 


Abstract.— Provide an abstract (135-word maximum) of the arti- 
cle, including statements of the problem, method of study, results, 
and conclusions. The abstract should be specific and sufficiently 
complete to allow the reader a quick evaluation of the paper. Do not 
include a “summary” section in the main manuscript. 


References. — List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in the 
text or tables. Unpublished data and personal communications should 
not be listed as references but parenthetically within the text. Refer- 
ences to journal articles should include (1) author(s) (if more than six, 
write “et al” after the third name), (2) title, (8) journal name (as 
abbreviated in Index Medicus), (4) year, (5) volume number, and 
(6) inclusive page numbers, in that order. References to books should 
include (1) author(s), (2) chapter title (if any), (3) editors (if any), 
(4) title of book, (5) city of publication, (6) publisher, (7) year, and 
(8) page, if indicated. Authors are responsible for the accuracy of 
the references. 


SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (Exceptions are visual acuity measure- 
ments and intraocular pressure recordings. ) 


Illustrations. — Use only those illustrations that clarify and aug- 
ment the text. More than ten total illustrations per manuscript 
would have to be justified. Submit illustrations (5 x 7 in) in triplicate, 


PLEASE NOTE: Most COMMON ERRORS TO AVOID 
FOR BOTH ORIGINAL ARTICLES AND LETTERS TO THE EDITOR 


(1) Failure to send original typed manuscripts plus two 
copies. 

(2) Failure to double-space entire manuscript (abstract, 
references, legends, and tables). 

(3) References not in proper format, not in numerical or- 
der, or not cited in text. 

(4) Use of 1 '/2-spacing rather than double-spacing. Do not 
justify right margins. 

(5) Failure to send three sets of illustrations/photographs 
or original color slides plus two sets of color prints. 

(6) Title too long. 

(7) Failure to label abstract or to provide abstract (not 
needed for letters to the editor, case reports, photo 
essays). Abstract too long. 

(8) Incomplete or improper consent forms for patient pho- 
tographs; improper or incomplete legends. 

(9) Failure to include copyright transmittal form (needed 
for both original articles and letters to the editor). 
Failure to include proprietary statement. 

—(10) Failure to include all authors’ personal signatures on 
copyright transmittal form (see paragraph 3). 

—(11) Failure to designate the corresponding author and pro- 
vide phone number and address. 

—(12) Failure to include consent forms for illustrations previ- 
ously published elsewhere. Failure to indicate willing- 
ness to pay for author's share of color illustrations. 
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unmounted and untrimmed, each set separately packaged. Do not 
send original artwork. Send high-contrast glossy prints. Figure num- 
ber, name of senior author, and arrow indicating “top” should be 
typed on a gummed label and affixed to the back of each illustration. 
Illustrations submitted for publication may be relettered to achieve 
uniformity of lettering style throughout the journal. Magnification 
and stain should be provided when pertinent. 


Illustrations in full color are accepted for publication if the editors 
believe that color will add significantly to the published manuscript. 
Please submit one set of positive transparencies (35 mm slides) and 
two sets of color prints. The ARCHIVES will pay part of the expense of 
reproduction and printing color illustrations, the remainder to be 
borne by the author. Submit a statement indicating author’s willing- 
ness to accept this cost. After deducting the ARCHIVES contribution, 
the author’s share is $400 for up to six square-finished illustrations 
that can be arranged on a one-page layout. Any additional illustra- 
tions or special effects will be billed to the author at cost. 


Legends. — Legends must be typed double-spaced, beginning on a 
separate sheet of paper. Length should be limited to a maximum of 40 
words and should allow the illustration to be fully understandable 
without recourse to the text. Use arrows, letters, etc, for enhanced 
understanding. 


Authorized Use of Photographs.—Recognizable photographs 
may be taken and published only if specifically consented to by the 
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restrictions or limitations on the consent must be strictly observed; 
eg, eyes are blocked out only as a condition of consent. Consent forms 
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related to a case may be published either separately or in connection 
with each other, in professional journals or medical books, provided 
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parents. Consent releases for minors without living parents must be 
signed by the legally appointed guardian. Submit consent forms with 
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From the Archives of the Archives 


Sixty years ago... 


For many years the choroidal tubercle has been designated as the most conspicuous ocular sign in the course of acute 
generalized miliary tuberculosis. Tubercles of the conjunctiva have been seen but rarely while fresh tubercles of the iris 
arising in the acute course of the disease are a curiosity. Gilbert ' reported such a case and stressed the distinction of such 
lesions from the so-called miliary tubercles found on the iris in chronic ocular tuberculosis. For these he reserved the term 
“tuberculids.” Tubercles of the retina in acute generalized miliary tuberculosis are even still rarer. Professor Fuchs,’ in dis- 
cussing primary retinal tuberculosis, stated that the lesion was described but once, by Litten?; further, he said that small 
hemorrhages in cases of choroidal miliary tuberculosis should not, without other proof, be taken to indicate tubercle of the 


retina. 


Edited by Julie Foreman, Associate Editor 
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SOURCE: Goldstein I, Wexler D. Acute tuberculous 
periphlebitis of the retina and optic nerve. 
Arch Ophthalmol. 1930;3:552. 
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Cryotherapy for Retinopathy of Prematurity: 
None, One, or Both Eyes 


To the Editor.—The editorial committee of the Cryopathy 
for Retinopathy of Prematurity (ROP) Cooperative Group! 
has expressed opinions and advice that are in conflict with 
the findings of their study. Also, the results of treatment are 
significantly disparate from those in three other studies. 
That difference requires explanation, and the direction be- 
ing given to ophthalmology must be challenged. 

The study shows that treatment of zone I disease does not 
produce a significant benefit (P~0.4; x? [Yates corrected]). 
The trend may be there but the proof is not, yet they rec- 
ommended treatment of both eyes. 

The study shows a highly significant benefit to the treated 
eyes with bilateral zone II threshold disease (P < .0001; x’) 
and they do not recommend treatment of both eyes! They 
cite a proposal for the determination of treating both eyes,’ 
which is flawed** and so complex that it is clinically 
impractical. 

The study had 31.1% unfavorable results in 222 treated 
eyes. Three studies from Israel, Japan, and Canada,’ 
treating 136, 130, and 76 eyes, respectively, with stage 3 and 
worse ROP, had 7.5%, 7.7%, and 7.9% unfavorable results, 
respectively. 


See also p 1408. 


The US study has a threefold to fourfold greater occur- 
rence of unfavorable results because it has treated quanti- 
tatively more and qualitatively more severe ROP. The US 
study is based on an estimated 50% risk of blindness from 
threshold disease—5 continuous or 8 interrupted hours of 
stage 3+ ROP. Table 5! shows that both treated and control 
groups had increasing rates of unfavorable results as the 
quantity of ROP increased. Even at or near threshold the 
rate was 19.2% in the treated eyes. The three other studies 
treated for less than the mean 9.7 hours in the US study. 

The US study did not identify a qualitative subdivision of 
stage 3 ROP. Their Table 2 indicates an attempt to do so, but 
neither the criteria nor the comparative results are given 
for each subdivision. The primary indication for treatment 
in the other studies was progressive midstage 3 ROP or 
confluent extraretinal fibrovascular proliferation. This is a 
qualitative subdivision of stage 3 ROP that was not agreed 
to in the international classification (ICROP),’ which gave 
only a picture example of mild, moderate, and severe stage 
3 disease—a quasiquantitative subdivision. 

The distinction is important because late stage 3 ROP and 
early stage 4 ROP respond similarly to cryotherapy and 
significantly less well than midstage 3 (or moderate) 
disease.’ There is a relationship between quantity and 
quality. As extraretinal fibrovascular proliferation in- 
creases in extent, or in volume in any sector, progression 
tends to occur from mild or early to late or severe stage 3 
ROP. If the US study has been able to subdivide, qualita- 
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tively as well as quantitatively, this relationship should be 
confirmed. 

The study has thus far served a good purpose in confirm- 
ing what was known to some but had to be proven to all: that 
cryotherapy works. If it can identify the maximum quality 
and quantity of stage 3 ROP that will respond spontane- 
ously, without compromise, it will have added meaningful 
and original data to our present knowledge and best man- 
agement of ROP. 

Our goal of therapy is to stop all eyes possible from visual 
disability, not to stop only one half of the eyes at risk of go- 
ing blind. The “threshold” of this study was determined by 
consensus and has not been scientifically proven to be the 
criterion for intervention. It is wrong to assume that all 
eyes with subthreshold disease will not be visually disabled. 

It is time for this study to allow ophthalmologists to ex- 
ercise their right of critical evaluation and judgment. 
Insistence on threshold and qualification of treating the 
second eye misleads our colleagues. It prohibits the use of 
proven sight-saving treatment for infant eyes that will need 
it. 

Regrettably, I have been forced to diminish the luster of 
an excellent study and a Herculean endeavor, but the sim- 
ple facts are that better results have been and are being ac- 
complished with earlier intervention in stage 3 ROP. 

N. WARREN HINDLE, MD 
Calgary, Alberta, Canada 


1. Cryotherapy for Retinopathy of Prematurity Cooperative Group. Mul- 
ticenter trial of cryotherapy for retinopathy of prematurity: three-month 
outcome. Arch Ophthalmol. 1990;108:195-204. 

2. Phelps DL, Phelps CE. Cryotherapy in infants with retinopathy of pre- 
maturity: a decision model for treating one or both eyes. JAMA. 1989; 
261:1751-1756. 

3. Hindle NW. Cryotherapy in infants with retinopathy of prematurity. 
JAMA. 1990;263:2052. 

4. Phelps DL, Phelps CE. In reply. JAMA. 1990;263:2052. 

5. Ben-Sira I, Nissenkorn I. Ten years of experience with cryotherapy for 
retinopathy of prematurity. Presented at the International Workshop on 
Retinopathy of Prematurity; July 1, 1989; Rome, Italy. 

6. Nagata M, Eguchi K, Majima A, et al. Multicentre prospective studies 
on retinopathy of prematurity, I: incidence and results of treatment. Acta 
Ophthalmol Japonica. 1988;39:646-657. 

7. Hindle NW. Critical mass retinopathy of prematurity: what is it and 
what can you do about it? Doc Ophthalmol. 1990;74:253-262. 

8. The Committee for the Classification of Retinopathy of Prematurity. An 
international classification of retinopathy of prematurity. Arch Ophthalmol. 
1984;102:1130-1134. 

9. Hindle NW. Cryotherapy for retinopathy of prematurity: timing of in- 
tervention. Br J Ophthalmol. 1986;70:269-276. 


In Reply.—The misconception that our report is contradic- 
tory deserves a reply, and we welcome the opportunity to 
further discuss and clarify the intent, design, results, and 
recommendations of the Multicenter Trial of Cryotherapy 
for Retinopathy of Prematurity (CRYO-ROP). 

This study was designed to test the results of cryotherapy 
for a defined threshold severity of ROP occurring posterior 
to zone 3 of the retina. It would have been presumptuous to 
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test for the optimal stage (or other variables) at which to 
apply a treatment for which efficacy had not previously been 
adequately studied. 

The subgroup of zone 1 cases, when separately analyzed, 
contains an insufficient sample size to demonstrate a 
significant benefit in that particular subgroup, even if it ex- 
ists. However, as our report stated, cryotherapy clearly 
benefits threshold stage 3+ ROP in zone 2, and the data are 
consistent with the finding that it also benefits some cases 
of zone 1 ROP and that the relative benefit in zone 1 cases 
is similar to that for zone 2 cases. Dr Hindle erroneously 
points to the magnitude of the P value as a measure of the 
relative importance of our findings for zone 1 vs zone 2 ROP. 
The size of the P value is influenced by the magnitude of the 
treatment effect in both groups as well as by the sample size. 
It is the sample size that led to the larger P value (.25 exact 
two-sided rather than the inappropriate value of .40 stated 
by Dr Hindle) for the zone 1 infants. 

The recommendation to treat both eyes in zone 1 thresh- 
old ROP was based on risk/benefit comparison. Eyes with 
an adverse outcome will not be “at risk” for late adverse se- 
quelae of cryotherapy since their vision has already been 
lost. There is an extremely small chance of a favorable out- 
come from untreated zone 1 ROP, ie, there is little to lose 
from treatment and little chance that long-term sequelae 
would make the condition worse. Therefore, the decision 
weighs toward treatment. 

The CRYO-ROP editorial committee did not perform or 
endorse the analysis by Phelps and Phelps,' but referred to 
it as a demonstration of why the decision to treat one or 
both eyes is complex. The issue is that many eyes with zone 
2 ROP will spontaneously regress and would therefore be 
needlessly exposed to the unknown long-term side effects of 
cryotherapy if all zone 2, stage 3 ROP were treated. If de- 
terioration of vision in midlife or late retinal detachments 
occur as a result of cryotherapy,’ it would be a tragedy to 
have treated a large number of eyes that would have oth- 
erwise regressed spontaneously. 

Dr Hindle’s letter concludes with an assertion about 
“better results” in other studies, and yet the studies he cited 
to support this did not contain control groups. Treatment of 
a self-limited disease in its milder forms will appear highly 
successful when there are no concurrent controls. We stud- 
ied treatment of ROP that had reached such a level of threat 
that untreated adverse outcomes approached 50%. Studies 
from Israel, Japan, and Canada showing lower unfavorable 
results presumably concerned eyes with milder ROP than 
we considered eligible for therapy. 

It is very important to understand that the threshold for 
treatment in CRYO-ROP required two independent exam- 
iners to agree on the presence of a substantial “dose” of 
stage 3 (5 to 8 clock hours), associated with the presence of 
“plus” disease. The treatment threshold in the other stud- 
ies called only for progressive 3+, and therefore 1 clock hour 
of stage 3+ progressing to 2 clock hours would qualify. In 
addition, these studies did not restrict the population to in- 
fants weighing less than 1250 g at birth. Infants that are 
heavier and/or have milder disease will have a much lower 
rate of unfavorable outcome. If these infants had been in- 
cluded in CRYO-ROP it is quite likely that the rate of un- 
favorable outcome after treatment would have been much 
lower for this subgroup of infants. To carry this logic to its 
ultimate absurdity, simply extend the mathematics: if an 
eye has no ROP, then there will be a0% unfavorable result 
from the disease regardless of treatment. 

Dr Hindle’s reference to early stage 4 ROP is not 
germane, since stage 4 ROP disqualified patients from ran- 
domization in CRYO-ROP. The assertion that “late” stage 
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3 ROP responds less well to cryotherapy than earlier stage 
3 ROP conforms to our report that more extensive (by clock 
hours) stage 3 is associated with poorer outcome. The 
designers of CRYO-ROP were unable to develop a reliable 
system for objectively classifying the quality of stage 3. 
However, for the sake of advancing knowledge, the CRYO- 
ROP examiners were asked to specify which severity cate- 
gory (mild, moderate, or severe) they believed best fit the 
stage 3, and these data were reported, subject to the read- 
er’s interpretation. 

Finally, Dr Hindle’s assertion that it is “wrong to assume 
that all eyes with subthreshold [ROP] will not be visually 
disabled” is a nonsequitur that implies that cryotherapy 
should be extended to all eyes with ROP below threshold as 
a remedy for “potential” visual disability. Future reports 
from CRYO-ROP will deal with actual outcomes of ROP 
eyes that did not reach our threshold for randomization. 
Through further study of these infants the cost/benefit ra- 


tio for treating milder forms of ROP can be ascertained. “$ 


Identification of markers for the ROP cases that are des- 
tined te progress would be extremely helpful, but this has 
not yet been fully achieved. Cryotherapy destroys choroid 
and retina in the periphery of the fundus. Subjecting eyes 
with milder forms of ROP to such treatment does not seem 
warranted at this time. However, the exact degree of sever- 
ity of ROP at which cryotherapy should be applied must be 
determined by clinical judgment. The data that are needed 
to help refine the clinical indications could emerge from the 
current analysis of the natural course of ROP that we are 
carrying out, coupled with longer-term outcome analysis 
for eyes that received cryotherapy compared with control 
eyes. 

EARL A. PALMER, MD 
JOHN T. FLYNN, MD 
ROBERT J. HARDY, PHD 
DALE L. PHELPS, MD 
GRAHAM E. QuINN, MD 
DAVID B. SCHAFFER, MD 
Portland, Ore 


1. Phelps DS, Phelps CE. Cryotherapy in infants with retinopathy of pre- 
maturity: a decision model for treating one or both eyes. JAMA. 
1989;261: 5751-1756. 

2. Greven CM, Tasman W. Rhegmatogenous retinal detachment following 
cryotherapy in retinopathy of prematurity. Arch Ophthalmol. 1989;107:1017- 
1018. 


The Choice of Posterior Chamber Intraocular Lens 
Style in Patients With Diabetic Retinopathy 


To the Editor.—Removal of cataracts that significantly im- 
pair vision and subsequent implantation of intraocular 
lenses are sometimes performed in diabetic patients who 
may need future vitreoretinal surgery. Even with unevent- 
ful cataract surgery and posterior chamber intraocular lens 
implantation, the progression of diabetic retinopathy and 
the development of anterior segment neovascularization 
have been reported.' Such diabetes-related problems 
frequently necessitate vitreoretinal surgery in the 
pseudophakic eye, including laser photocoagulation and 
pars plana vitrectomy. Based on theoretical concepts and 
climical experience, we recommend that surgeons planning 
cataract surgery in patients with significant diabetic reti- 
nopathy consider using posterior chamber intraocular 
lenses with an optic diameter of 7 mm, no positioning holes, 
and a planoconvex configuration. 

A 7-mm intraocular lens provides 36% more optic area 
than a 6-mm lens. Assuming adequate pupillary dilatation, 
this increased area provides the vitreoretinal specialist an 
easier view of the retinal periphery and better stereopsis 
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than a smaller lens. If creation or enlargement of a poste- 
rior capsulotomy is required for peripheral visualization, 
the capsulotomy can be enlarged to a greater degree with a 
7-mm lens, compared with smaller lenses, and still not ex- 
tend beyond the edge of the lens optic. In eyes that have un- 
dergone vitreoretinal surgery, the irises and/or residual 
lens capsules tend to become incarcerated in the position- 
ing holes of posterior chamber intraocular lenses. The use 
of intraocular lenses without positioning holes eliminates 
this potential problem. 

Cataract surgeons may choose either biconvex or plano- 
convex posterior chamber intraocular lenses. While it has 
been suggested that less posterior capsular opacification 
develops with biconvex lenses than with planoconvex 
lenses, the vitreoretinal surgeon gains significant benefit 
from the latter style. With a biconvex intraocular lens, vit- 
reous substitutes with refractive indexes different from the 
vitreous (including intraocular gases and silicone oil) cause 
refractive changes that affect intraocular visualization 
during vitrectomy and laser photocoagulation. During 
fluid-gas exchange procedures, the eye with a biconvex in- 
traocular lens behaves like a phakic eye and frequently re- 
quires a high-minus contact lens for visualization of the 
retina. Such a contact lens produces significant minification 
and reduces stereopsis compared with the contact lens typ- 
ically used in vitrectomies. A flat surface does not have re- 
fractive power, regardless of the refractive index of the 
substances on each side. With a planoconvex lens (with the 
planar surface posterior), minimal changes in refractive 
power occur at the lens surface when air or silicone oil fills 
the vitreous cavity.’ Therefore, the vitreoretinal surgeon 
can use standard vitrectomy contact lenses for visualization 
of the fundus in an air-filled eye, including prism lenses for 
a better view of the retinal periphery. Likewise, slit-lamp 
photocoagulation of the retina is easier in the air-filled eye 
with a planoconvex lens than it is in the eye with a bicon- 
vex lens. For the same optical reasons, there is less postop- 
erative refractive shift in a pseudophakic eye with a plano- 
convex intraocular lens receiving a silicone oil tamponade 
than there is in an eye with a biconvex intraocular lens. 

Brooks W. McCuEN II, MD 
LEE KLOMBERS, MD 
Durham, NC 


Reprint requests to Box 3802, Duke University Eye Center, Durham, NC 
27710 (Dr McCuen). 


1. Jaffe GJ, Burton TC. Progression of nonproliferative diabetic retinop- 
athy following cataract extraction. Arch Ophthalmol. 1988;106:745-749. 

2. Sterling S, Wood TO. Effect of intraocular lens convexity on posterior 
capsule opacification. J Caturact Refract Surg. 1986;12:655-657. 

3. Stefansson E, Tiedeman J. Optics of the eye with air or silicone oil. Ret- 
ina. 1988;8:10-19. 


Blindness and Visual Impairment 
in an American Urban Population 


To the Editor.—I congratulate Dr Tielsch and coworkers in 
the Baltimore Eye Survey Research Group’ for their article 
in the February 1990 issue of the ARCHIVES. I hope that in 
the tremendous amount of data that they accumulated 
about the population they investigated, they secured infor- 
mation on income. It would be unfortunate if they did not. 
As is well known, income is directly related to accessibility 
to medical care. In the people whose blindness is prevent- 
able, accessibility to medical care is a key factor. It would 
be most interesting and important to compare blindness 
rates in low-income black patients with those in low-income 
white patients and to compare both groups with middle- 
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and high-income blacks and whites. 
I look forward to future publications by this group. 
DANIEL SNYDACKER, MD 
Lake Forest, Ill 


1. Tielsch JM, Sommer A, Witt K, Katz J, Royall RM, Baltimore Eye Sur- 
vey Research Group. Blindness and visual impairment in an American ur- 
ban population. Arch Ophthalmol. 1990;108:286-290. 


In Reply.—Dr Snydacker has made an excellent point 
regarding the importance of nonmedical factors on the out- 
come of clinical conditions, such as those that result in 
blindness or visual impairment. He also identified income as 
an important factor in access to medical care. Unfortu- 
nately, income is not always directly associated with acces- 
sibility to medical care in the US population. Very-low-in- 
come residents are often eligible for and use Medicaid ben- 
efits to pay for medical services. The people whose incomes 
are too high to qualify for medical assistance but who are 
unable to afford adequate health insurance are those for 
whom financial barriers are a significant factor in access to 
health care. 

Information about household income is extremely diffi- 
cult to obtain in a reliable fashion and may result in the 
termination of the participation of a research subject due 
to the sensitive nature of the questions. Because of these 
difficulties and our need to maintain the subject’s coopera- 
tion to obtain high response rates to the examination com- 
ponent of this study, we did not collect data on household 
or personal income. We did collect a number of other items 
that more directly address utilization of medical and eye 
care services, which we will report in an upcoming publica- 
tion. 

JAMES M. TIELSCH, PHD 
ALFRED SOMMER, MD 
JOANNE Katz, MS 
Baltimore, Md 


Blacks at Greater Risk for Blindness 


To the Editor.—Preventable blindness is and should be a 
major concern for all opthalmologists. The recent report of 
the Baltimore (Md) Eye Survey by Tielsch et al! in the Feb- 
ruary 1990 issue of the ARCHIVES should be required read- 
ing not only for all ophthalmologists, but for all family- 
practice physicians and other providers of primary health 
care because of the compelling public health implications of 
their findings. The authors report the finding of a preva- 
lence rate of blindness among blacks that is double the rate 
among whites. In 1979, I reported identical findings based 
on analysis of model reporting area (MRA) data. In addi- 
tion, I found that blacks were eight times more likely to be 
blinded due to glaucoma than whites (Figure and Table). 
Comparatively, the MRA data in Table 4' show a lower 
prevalence of blindness among blacks (ie, 1.20% in the age 
group 65 to 74 years) than the Baltimore Eye Survey (ie, 
2.24% in the age group 65 to 74 years). Tielsch et al! incor- 
rectly credit the authors of the MRA study with surmising 
that their findings represented an underestimate. Kahn and 
Moorehead? concluded the opposite and boldly stated, “In 
our society it can be considered axiomatic that poor blind 
persons are more likely to be registered with the state 
agency for the blind than are persons who are rich or per- 
haps even middle class. Because the nonwhites include a 
larger proportion of poor than the whites, it follows that, in 
general, registration of blind nonwhites is more complete 
than registration of whites.” However, in my 1979 report, I 
correctly predicted that the true prevalence rates were 
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Prevalence of blindness according to race, 1968-1970. 


Age-Standardized Incidence of Blindness by 
Cause and Race”* 


Rates per 100000 
— ?:?.:. nm — ae _ ee se 


Black White 
Glaucoma 6.5 0.8 
Cataract 4.1 1.8 
Retinal disease 
Retrolental fibroplasia 0.1 0.1 
Myopia 0.6 0.1 
Cornea or sclera 
Uveitis 1.0 0.3 
Optic nerve disease 2.0 0.8 
Multiple affections 
Other 2.2 1.0 
Unknown 





* Reprinted by permission from the Journal of the National Medical Association 
(1979;7 1:145-148). 


higher than those reported in the MRA with the following 
statement: “It must be recognized that register reporting is 
incomplete and probably that true incidence and true prev- 
alence are underestimated.” 

Tielsch et al’ report finding a large number of patients 
(54% ) who could improve their vision with eyeglasses but 
did not have the eyeglasses. They state “the reasons why 
such a large volume of undercorrected refractive error re- 
mains in the population despite the ready availability of 
optometric and ophthalmic services are not clear and will 
be explored in subsequent publications.” In my opinion the 
reasons are very clear, albeit painful, and relate to medical 
poverty, ie, the lack of affordable tertiary eye care services 
in the ghetto. The marriage of medical poverty to economic 
poverty and educational poverty has historically been ram- 
pant in urban areas such as those cited. 

Reality teaches that there is no ready accessibility of op- 
tometric and ophthalmology care in our urban ghettos. 
However, the unanimous finding of the double prevalence 
rate of blindness among blacks compared with whites by the 
MRA report, the Bath report, and the Baltimore Eye Sur- 
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vey represents an impressive acknowledgment of fact by 
diverse sources over the span of three decades. Conse- 
quently, the next step lies in the analysis of the causes of 
blindness along with a careful study of demographics com- 
bined with sensitive needs assessment and action. I believe 
that greater emphasis on vision screening, health educa- 
tion, and community planning will be critical. Although 
ophthalmology in America exists as a tertiary health-care 
luxury, to address the excessive rates of blindness it will be 
necessary for primary eye care to trickle down the nefari- 
ous infrastructure of our urban island ghettos submerged 
amidst our oceans of plenty. 

PATRICIA E. BATH, MD 

Santa Monica, Calif 


1. Tielsch JM, Sommer A, Witt K, Katz J, Royall RM, the Baltimore Eye 
Survey Research Group. Blindness and visual impairment in an American 
urban population: the Baltimore Eye Survey. Arch Ophthalmol. 1990; 
108:286-290. 

2. Bath PE. Rationale for a program in community ophthalmology. J Natl 
Med Assoc. 1979;71:145-148. 

3. Kahn HA, Moorehead HB. Statistics on Blindness in the Model Report- 
ing Area, 1969-1970. Rockville, MD: National Institutes of Health; 1971. US 
Department of Health, Education, and Welfare publication NIH 73-427. 


In Reply.—We appreciate Dr Bath’s impassioned plea for 
action regarding the unmet eye care needs of those mem- 
bers of our population living in poor, inner-city neighbor- 
hoods. She cites the lack of affordable tertiary eye care ser- 
vices as the obvious reason a large volume of undercorrected 
refractive error remains in the east Baltimore population. 
There is a clear difference between the availability and the 
accessibility of tertiary ophthalmologic services and more 
basic services such as those required for prescribing and 
fitting spectacles. The reasons these services are underuti- 
lized in particular segments of the population are not clear 
and may be different for these two types of eye care services. 
We feel it is important to attempt to identify the specific 
barriers to appropriate utilization, be they financial, social, 
educational, or motivational, in order to develop interven- 
tion strategies that will have the greatest potential to ad- 
dress these critical problems. 

Dr Bath’s comments, however, serve as an excellent 
reminder that the public health and medical professions 
must be proactive in supporting stronger programs that 
encourage appropriate utilization of both preventive and 
curative health services. 

JAMES M. TIELSCH, PHD 
ALFRED SOMMER, MD 
JOANNE KATZ, MS 
Baltimore, Md 


Teaching Ophthalmology in Medical Schools 


To the Editor.—In 1989 a questionnaire was sent to the 
heads of 110 ophthalmology units who are members of the 
Association of University Professors of Ophthalmology. 
One hundred eight replies described the status of oph- 
thalmic education in American medical schools. 

Seven schools had no curriculum in ophthalmology. Most 
other schools have ophthalmologists who may teach basic 
science courses, clinical transition courses, and ophthal- 
moscopy labs and conduct structured rotations for students 
in their third or fourth years. Curriculum teaching hours 
vary widely and goals range from teaching students to be 
primary eye care physicians to teaching them to simply 
recognize and refer all eye problems. Many of the curricula 
that do exist have ambitious programs that include large 
numbers of teachers. Others have only a few devoted faculty 
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members who share their time and patients with interested 
students. 

Despite our effort to teach ophthalmology it is likely that 
only about 50% of the medical students in the United States 
have exposure to a curriculum that teaches ophthalmic 
fundamentals that will provide them with the knowledge 
and skills necessary for a good general medical practice. It 
is difficult to devote the curriculum time necessary to absorb 
ophthalmic knowledge and skills, but it is possible to des- 
ignate the outcomes that we want to achieve. It is in this 
area of medical education that ophthalmology teachers 
must concentrate to produce physicians who are able to 
provide optimal patient care. 

The survey noted that ophthalmic educators expect stu- 
dents to be able to use the direct ophthalmoscope, slit lamp, 
tonometer, pen light, Snellen chart, and other equipment 
with considerable skill. Obviously, if nearly 50% of the stu- 
dents have little chance to perfect these skills in clinical ro- 
tations, the likelihood of incorporating a good ophthalmic 
evaluation into nonophthalmologic practice is diminished. 
Since 80% of our medical schools have third or fourth year 
rotations, it may be desirable to shorten the rotations and 
expand the number of students in the programs. The num- 
bers are complex, however, and the local situations so dif- 
ferent that it is difficult to generalize on ways to get all stu- 
dents involved. 

The survey has led us to choose between hours and out- 
comes in education. Since hours are very difficult to assess 
in terms of quality and quantity in different programs, only 
outcomes can be our goals. Therefore, the Medical Student 
Education Committee of the Association of University Pro- 
fessors of Ophthalmology suggests that physicians should 
be able to do the following: (1) measure and record visual 
acuity; (2) evaluate a red eye; (3) evaluate a traumatized eye; 
(4) detect strabismus and abnormal eye movements; (5) de- 
tect abnormal pupillary responses; (6) perform direct oph- 
thalmoscopy; and (7) initiate appropriate treatment and 
referral for detected abnormalities. 

Teaching of this knowledge and these skills is best 
accomplished by experienced ophthalmologists within a 
good curriculum. Other practitioners should be encouraged 
to help, but leadership in these endeavors is the responsi- 
bility of ophthalmic educators. 

DAVID E. Eirric, MD 
RICHARD D. CUNNINGHAM, MD 
PHIL A. AITKEN, MD 
RAYMOND E. RECORDS, MD 
JOHN C. BARBER, MD 

JOHN W. GITTINGER, JR, MD 
Chapel Hill, NC 


Too Much Eye Surgery? 


To the Editor.—I wish to offer a few comments concerning 
Zimmerman’s editorial' in the February 1990 issue of the 
ARCHIVES regarding second opinions in ophthalmic health 
care. 

A properly implemented second opinion program may be 
the least onerous and most efficient method of preventing 
unnecessary surgery. Apparently, there is evidence that the 
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volume of cataract surgery is stabilizing, but this may not 
be true, and it may not be germane. 

A reasonable premise seems to be that low-volume sur- 
geons who are established in practice probably are not per- 
forming a significant number of unnecessary surgeries. 
Thus, it is not necessary to screen every practitioner. The 
procedures most likely to be abused are cataract surgery 
and various types of laser surgery. Perhaps second opinions 
on cataract surgery need only be required of surgeons in 
newly established practices and of those surgeons perform- 
ing more than a small number of cataract surgeries— 
maybe 75—per year. This would tend to focus efforts on the 
areas most likely to be fruitful and help minimize the cost 
of the program. Similar discrimination levels could be es- 
tablished for all types of laser surgery—neodymium-YAG, 
argon laser trabeculoplasty, retinopathies, ete. 

I agree with Zimmerman’s suggestion to mask the iden- 
tities of the referring and evaluating surgeons. However, 
some minimum protocol would have to be established. For 
example, some patients with 20/70 visual acuity in the bet- 
ter eye claim to have no visual or life-style limitations due 
to their impaired vision; others are too cerebrally compro- 
mised to need better vision. A patient with 20/25 or 20/30 
visual acuity in the examining room rarely needs surgery. 
I know of one ophthalmologist who denied approval of cat- 
aract surgery for a patient who was disabled in sunlight 
because the patient saw 20/20 in his examining room. His 
advice was to stay out of the sun. The lesson is that a 
brightness acuity test should be given to patients with 
symptoms of impairment who have good vision in a dark 
examining room. The most difficult decisions will involve 
patients with good vision in one eye and poor vision in the 
other. The degree of complaint with these patients varies 
from one extreme to the other. Laser surgery vies with cat- 
aract surgery as an area prone to abuse. 

I do not agree with exclusive groups; an evaluator hired 
by anyone other than the patient, insurance company, or 
government is too likely to be a “house man.” Perhaps eval- 
uation of these patients would be a good specialty for oph- 
thalmologists who wish to cut down or eliminate all forms 
of surgery from their practices. If something needs to be 
done, Zimmerman’s basic idea may be the lesser of several 
evils. 

Louis J. SPIZZIRI, MD 
Wyckoff, NJ 


1. Zimmerman TJ. Second opinions in ophthalmic health care. Arch Oph- 
thalmol. 1990; 108:192-194. 


In Reply.—I wish to thank Dr Spizziri for his kind letter and 
thoughtful comments. His idea that second opinions should 
be tiered, based on the number of cataract surgeries done 
per year, might make a second opinion plan more palatable 
to ophthalmologists and certainly easier to manage. His 
suggestion would also make it easier to include other pro- 
cedures in the process. 

Dr Spizziri’s comments concerning a “house man” are 
germane. Avoiding this would be a requisite of a successful 
second opinion plan. 

THOM J. ZIMMERMAN, MD, PHD 
Louisville, Ky 
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Sterile Ophthalmic Solution 


CONTRAINDICATIONS: Hypersensitivity to any component of this product. 

OPTIPRANOLOL™ Ophthalmic Solution is contraindicated in patients with bronchial asthma or a his- 
tory of bronchial asthma, or severe chronic obstructive pulmonary disease; symptomatic sinus bradycar- 
dia; greater than a first degree atrioventricular block; cardiogenic shock; or overt cardiac failure. 
WARNINGS: As with other eg applied ophthalmic drugs, this drug may be absorbed systemically. 
Thus, the same adverse reactions found with systemic administration of beta-adrenergic blocking agents 
may occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
inc ret death due to bronchospasm in patients with asthma, and rarely, death in association with 
cardiac failure, have been reported following topical application of beta-adrenergic blocking agents (see 
CONTRAINDICATIONS). 

Since OPTIPRANOLOL™ Ophthalmic Solution had a minor effect on heart rate and blood pressure 
in clinical studies, caution should be observed in treating patients with a history of cardiac failure. 
irae ay OPTIPRANOLOL™ Ophthalmic Solution should be discontinued at the first evidence of 
cardiac failure. 

OPTIPRANOLOL™ Ophthalmic Solution, or other beta blockers, should not, in general, be adminis- 
tered to patients with chronic obstructive pulmonary disease (e.g., chronic bronchitis, emphysema) of 
mild or moderate severity (see CONTRAINDICATIONS). However, if the drug is necessary in such 
patients, then it should be administered with caution since it may block bronchodilation produced by 
endogenous and exogenous catecholamine stimulation of betaz receptors. 

PRECAUTIONS: General: Because of potential effects of beta-adrenergic receptor blocking agents relative 
to blood pressure and pulse, these agents should be used with caution in patients with cerebrovascular 
insufficiency. If signs or symptoms suggesting reduced cerebral blood flow develop following initiation of 
therapy with OPTIPRANOLOL™ Ophthalmic Solution, alternative therapy should be considered. 

Some authorities recommend gradual withdrawal of beta-adrenergic receptor blocking agents in 
poas undergoing elective surgery. If necessary during surgery, the effects of beta-adrenergic receptor 

locking agents may be reversed by sufficient doses of such agonists as isoproterenol, dopamine, dobu- 
tamine or levarterenol. 

While OPTIPRANOLOL™ Ophthalmic Solution has demonstrated a low potential for systemic effect, it 
should be used with caution in patients with diabetes (especially labile diabetes) because of possible 
masking of signs and symptoms of acute hypoglycemia. 

Beta-adrenergic receptor blocking agents may mask certain signs and symptoms of hyperthyroidism, 
and their abrupt withdrawal might precipitate a thyroid storm. 

Beta-adrenergic blockade has been reported to potentiate muscle weakness consistent with certain 
myasthenic symptoms (e.g., diplopia, ptosis, and generalized weakness). 

Risk of anaphylactic reaction: While taking beta-blockers, patients with a history of severe anaphylac- 
tic reaction to a variety of allergens may be more reactive to repeated challenge, either accidental, diag- 
nostic, or therapeutic. Such patients may be unresponsive to the usual doses of epinephrine used to treat 
allergic reaction. 

Drug Interactions: OPTIPRANOLOL™ Ophthalmic Solution should be used with caution in patients who 
are receiving a beta-adrenergic blocking agent orally, because of the potential for additive effects on 
systemic beta-blockade. 

Close observation of the patient is recommended when a beta-blocker is administered to patients 
receiving catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 
production of hypotension and/or bradycardia. 

Caution should be used in the coadministration of beta-adrenergic receptor blocking agents, such as 
metipranolol, and oral or intravenous calcium channel antagonists, because of possible precipitation of 
left ventricular failure, and hypotension. In patients with impaired cardiac function, who are receiving 
calcium channel antagonists, coadministration should be avoided. 

The concomitant use of beta-adrenergic receptor blocking agents with digitalis and calcium channel 
antagonists may have additive effects, prolonging arterioventricular conduction time. 

Caution should be used in patients using concomitant adrenergic psychotropic drugs. 

Ocular: in patients with angle-closure glaucoma, the immediate treatment objective is to re-open the 
angle by constriction of the pupil with a miotic agent. OPTIPRANOLOL™ Ophthalmic Solution has little 
or no effect on the pupil, therefore, when it is used to reduce intraocular pressure in angle-closure glau- 
coma, it should be used only with concomitant administration of a miotic agent. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Lifetime studies with metipranolo! have been con- 
ducted in mice at oral doses of 5, 50, and 100 ma/ka/cay and in rats at oral doses of up to 70 mg/kg/day. 
Metipranolol demonstrated no carcinogenic effect. In the mouse study, female animals receiving the low, 
but not the intermediate or high dose, had an increased number of pulmonary adenomas. The signifi- 
cance of this observation is unknown. In a variety of in vitro and in vivo bacterial and mammalian cell 
assays, metipranolol was nonmutagenic. 

Reproduction and fertility studies of metipranolol in rats and mice showed no adverse effect on male 
fertility at oral doses of up to 50 mg/kg/day, and female fertility at oral doses of up to 25 mg/kg/day. 
Pregnancy: Pregnancy Category C: No drug related effects were reported for the segment II tera- 
tology study in fetal rats after administration, during organogenesis, to dams of up to 50 mg/kg/day. 
OPTIPRANOLOL™ Ophthalmic Solution has been shown to increase fetal resorption, fetal death, and 
delayed development when administered orally to rabbits at 50 mg/kg during organogenesis. 

There are no adequate and well-controlled studies in pregnant women. OPTIPRANOLOL™ Ophthalmic 
en should be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. 

Nursing Mothers: \t is not known whether OPTIPRANOLOL™ Ophthalmic Solution is excreted in 
human milk. Because many drugs are excreted in human milk, caution should be exercised when 
OPTIPRANOLOL™ Ophthalmic Solution is administered to nursing women. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: In clinical trials, the use of OPTIPRANOLOL™ Ophthalmic Solution has been 
associated with transient local discomfort. 

Other ocular adverse reactions, such as conjunctivitis, eyelid dermatitis, blepharitis, blurred vision, 
tearing, browache, abnormal vision, photophobia, and edema have been reported in small numbers of 
patients, either in U.S. clinical trials or from post-marketing experience in Europe. 

Other systemic adverse reactions, such as allergic reaction, headache, asthenia, hypertension, 
myocardial infarct, atrial fibrillation, angina, palpitation, bradycardia, nausea, rhinitis, dyspnea, epi- 
staxis, bronchitis, coughing, dizziness, ey depression, somnolence, nervousness, arthritis, myal- 

ia, and rash have also been reported in small numbers of patients. 

VERDOSAGE: No information is available on overdosage of OPTIPRANOLOL™ Ophthalmic Solution in 
humans. The symptoms which might be wo i with an overdose of a systemically administered beta- 
adrenergic receptor blocking agent are bradycardia, hypotension and acute cardiac failure. 


REFERENCES: 1. Data on file. Bausch & Lomb Pharmaceutical Division. 2. von Denffer H. Efficacy and 
tolerance of metipranolo-—Results of a multi-center long-term study. In: Merte H-J, ed. Metipranolol: 
Pharmacology of Beta-blocking Agents and Use of Metipranolol in Ophthalmology. Vienna: Springer- 
Verlag; 1983:121-125. 3. Dausch D, Brewitt H, Edelhoff R. Metipranolol eye drops—Clinical suitability in 
the treatment of chronic open angle glaucoma. In: Merte H-J, ed. Metipranolol: Pharmacology of Beta- 
blocking Agents and Use of Metipranoloi in Ophthalmology. Vienna: Springer-Verlag; 1983: 132.147 
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Case Reports 


Subretinal Neovascularization 
Following Multiple Evanescent 
White-Dot Syndrome 


Multiple evanescent white-dot syn- 
drome (MEWDS), a transient disorder 
of the retina and retinal pigment epi- 
thelium (RPE) affecting young adults, 
presents with the acute onset of de- 
creased visual acuity and paracentral 
scotomas. Fifty percent of patients 
provide a history of an influenzalike 
illness. A fundus examination reveals 
multiple small gray-white dots at the 
level of the RPE or deep retina in the 
near to midperiphery, as well as a 
granular appearance of foveal pig- 
ment. Vitreal cells, disc edema, and an 
enlarged blind spot may be present. 
Typically, visual acuity, fundus ap- 
pearance, and fluorescein angio- 
graphic and electrophysiologic find- 
ings return to normal in 7 to 10 weeks, 
although the photopsias, scotomas, 
and minimal RPE window defects may 
be present longer. We report the de- 
velopment of subretinal neovascular- 
ization (SRNV) in association with 
MEWDS. 


Report of a Case.—A 32-year-old Greek 
woman presented with a 5-day history of 
blurred vision in the left eye, occurring 1 
week after an upper respiratory infection. 

On examination her visual acuity was 
20/20 OD and 20/60 OS unimproved with 


Fig 1.—The initial examination results show 
scattered gray-white lesions of the midperiph- 
eral retina. 





pinhole. Refraction was plano in both eyes. 
The results of an examination of the right 
eye were normal. There was an occasional 
vitreous cell in the left eye, and the fundus 
examination revealed scattered grayish- 
white lesions in the midperipheral retina 
(Fig 1). The optic nerve was swollen and 
hyperemic and there was mild granularity 
of the macular pigment. Fluorescein an- 
giography showed staining of the left optic 
disc as well as hyperfluorescent lesions 
scattered throughout the fundus, which 
stained late (Fig 2). 

One month later, visual acuity in the left 
eye had improved to 20/25—. Four months 
later, the patient began to netice progres- 
sive blurring of vision. One month after the 
onset of the new symptoms, she returned 
with a best corrected visual acuity of 20/ 
80—1. There was no history of intervening 
trauma. At this time, there were no vitreous 
cells and the peripheral white dots had dis- 
appeared, but mild midperipheral pigmen- 
tary granularity was noted. A serous de- 
tachment of the macula with subretinal 
lipid and hemorrhage was present. There 
were no peripheral atrophic or “punched- 
out” lesions and the optic nerve was normal. 
Angiography confirmed a subretinal neo- 
vascular membrane in the left fovea (Fig 
3). Due to the location of the membrane, la- 
ser photocoagulation was not used but sys- 
temic and periocular steroids were admin- 
istered. Two years later, the subretinal 
membrane was fibrotic and visual acuity 
was 20/40. 


Fig 2.—Fluorescein angiogram shows staining 
of the optic nerve and hyperfluorescent window 
defects scattered throughout the fundus. 
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Comment.—Many disorders of the 
RPE are associated with SRNV. Fluo- 
rescein angiography and electrophysi- 
ologic testing suggest that MEWDS is 
primarily a disease of the RPE and 
outer retina.'? Some investigators 
have postulated a viral cause for 
MEWDS. Rubella retinopathy, a viral 
disease affecting the RPE, has been 
associated with SRNV- In our patient, 
we theorize that MEWDS caused dam- 
age to the RPE, which predisposed the 
eye to the development of SRNV. 

All clinical evidence of MEWDS had 
resolved by the time this patient pre- 
sented with SRNV. Had she not been 
examined by an ophthalmologist at the 
time her initial visual symptoms ap- 
peared, the relationship would not 
have been apparent and she would 
probably have been given the diagnosis 
of idiopathic SRNV. We speculate that 
some cases of SRNV classified as idio- 
pathic may be due to a previously un- 
diagnosed episode of MEWDS or other 
viral diseases. 

GEORGE J. WYHINNY, MD 
JAMES L. JACKSON, MD 
LEE M. JAMPOL, MD 
NICHOLAS C. CARO, MD 
Chicago, Ill 


Fig 3.—Fluorescein angiogram 6 months later 
shows a subretinal neovascular membrane 
and blocked fluorescence from a subretinal 
hemorrhage. 
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A Yellow-Green Posterior 
Limbal Ring in a Patient 
Who Does Not Have 
Wilson’s Disease 


The ophthalmologist is often asked to 
help rule out Wilson’s disease in a 
young patient with liver function ab- 
normalities. We report a case of a pa- 
tient with corneal findings similar to a 
Kayser-Fleischer ring but with a high- 
normal ceruloplasmin level, chronic 
active hepatitis, and hemolysis. 


Report of a Case.—A 35-year-old black 
man with a history of intravenous drug and 
alcohol abuse presented with a 2-month 
history of pruritus, night sweats, and a 9-kg 
weight loss. The physical examination was 
remarkable for jaundice, scleral icterus, 
and mild hepatomegaly. 

Peak laboratory values at admission in- 
cluded a total bilirubin of 964.4 pmol/L 
(normal, 3.4 to 17.1 wmol/L), with a direct 
bilirubin of 613.9 mol/L (normal, 0.0 to 8.6 
umol/L). The serum ceruloplasmin level 
was 600 „mol/L (normal, 200 to 600 umol/ 
L). Serologic test results were negative for 
hepatitis A and B, human im- 
munodeficiency virus, mitochondrial anti- 
body, and heterophil agglutinins. A liver 
biopsy demonstrated acute and chronic in- 
flammation with cholestasis consistent 
with chronic active hepatitis. 

The patient had no visual complaints. His 
visual acuity was 20/20 uncorrected bilat- 
erally. The sclera were markedly icteric. 
Within both corneas, most prominent pos- 
teriorly but evident throughout the stroma, 
there was a 360° yellow-green ring extend- 
ing 2 mm centrally from the limbus and 
gradually disappearing as it approached 
the central cornea (Fig 1). The ring did not 
have a granular appearance. There were no 
lens changes and the rest of the evaluation 
was unremarkable. 


Comment.—Wilson’s disease is an 
autosomal recessive condition charac- 
terized by abnormalities in copper me- 
tabolism. The disease usually presents 
prior to age 30 years, and the most 
characteristic laboratory finding in 
these patients is a decreased cerulo- 
plasmin level. The almost pathog- 
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Fig 1.—Yellow-green peripheral ring most 
marked in the posterior cornea in this patient 
who does not have Wilson's disease. 





Fig 2.—Typical granular green-brown periph- 
eral Descemet'’s ring in a patient with a clinical 
and laboratory diagnosis of Wilson's disease; 
the ceruloplasmin level is less than 170 umol/ 
L (normal, 200 to 600 uwmol/L). 


nomonic sign of Wilson’s disease is the 
Kayser-Fleischer ring (Fig 2). Seen in 
the peripheral cornea, this ring may 
vary from golden brown to green or 
red. It is virtually always found in pa- 
tients who have neurologic disease, 
and it is also commonly found in oth- 
ers who have nonneurologic manifes- 
tations. 

Our patient had physical signs and 
laboratory abnormalities consistent 
with Wilson’s disease, including jaun- 
dice, scleral icterus, and a pigmented 
corneal ring. Fleming et al' described 
four patients with corneal rings, pre- 
sumably pigmented with copper, who 
did not have Wilson’s disease. Their 
patients had either primary biliary 
cirrhosis or chronic hepatitis. All four 
patients had elevated ceruloplasmin 
levels. A high-normal or high cerulo- 


plasmin level, as was found in our pa- 
tient, virtually rules out Wilson’s dis- 
ease in a male patient when exogenous 
steroids have not been used.’ 

Phinney et al? recently described 
four patients with markedly elevated 
serum bilirubin levels and a yellow 
staining of the cornea, most prominent 
peripherally. Analysis of three of the 
corneas demonstrated bilirubin. The 
authors also remarked that a more 
elevated concentration of biliverdin, 
another breakdown product of hemo- 
globin, would be expected to impart a 
greenish hue to the cornea, similar to 
that seen in our patient. 

Our patient, who had many of the 
clinical and laboratory manifestations 
of Wilson’s disease, including a pig- 
mented corneal ring, did not have 
Wilson’s disease. Since the ophthal- 
mologist will often be asked to help 
rule out Wilson’s disease, consider- 
ation must always be given to the pos- 
sibility that a deep pigmented corneal 
ring is not a manifestation of an undi- 
agnosed case of Wilson’s disease, but 
is, instead, a sign of chronic active he- 
patic or hemolytic disease. 

RICHARD M. LIPMAN, MD 
THOMAS A. DEUTSCH, MD 
Chicago, Ill 


This study was supported in part by the Louise 
C. Norton Trust, Chicago, Ill. 
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Generalized Giant-Cell Arteritis 
With Coronary Artery 
Involvement and Myocardial 
Infarction 


Giant-cell arteritis (GCA) is a disease 


that may affect more than 1% of the 
elderly white population. Extracranial 
GCA, usually involving the aorta and 
its major branches, has been reported 
to be clinically detectable in 10% to 
15% of patients with GCA.’ When 
large vessels are involved, GCA may be 
life threatening because of aortic dis- 
section, ruptured aortic aneurysm, 
and, more rarely, myocardial infarc- 
tion. Despite these complications, 
the survival rate is not usually consid- 
ered to be reduced when compared 
with the general population of the 
same age.’ 
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Fig 1.—Left, Temporal artery with transmural arteritis as well as intimal and adventitial fibrosis (Verhoeff-van Gieson, orig- 
inal magnification X40). Right, Temporal artery with giant cells in the region of disrupted lamina elastica and associated 
inflammation. Fibrovascular thickening of the intima is observed to the left of center while marked collagenization of the 
media is on the right (Verhoeff-van Gieson, original magnification X160). 
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Fig 2.—Left Anterior descending cornary artery with circumferential inflammation, intimal fibrosis, and adherent thrombus 
(Verhoeff-van Gieson, original magnification X20). Right, Left anterior descending coronary artery with fragmented lamina 
elastica and superimposed lymphohistiocytic inflammation (Verhoefi-van Gieson, original magnification X 160). 


Report of a Case.—An 82-year-old white 
woman was referred to the neuro-ophthal- 
mology service complaining of visual loss in 
the left eye of 2 days’ duration. She had not 
felt well for the previous several months, 
noting headaches, difficulty chewing food, 
and arthralgias. An examination revealed 
visual acuity of 20/20 OD and 20/25 OS, 
with superior altitudinal visual field loss 
and an afferent pupillary defect in the left 
eye. There was no proptosis and ocular mo- 
tility was normal in both eyes. Both tempo- 
ral arteries were thickened and tender with 
diminished pulses. The slit-lamp examina- 
tion was notable for noninflamed anterior 
segments and bilateral posterior chamber 
pseudophakia. Both eyes had normal ten- 
sions. The right fundus was normal but the 
left optic disc appeared pale and swollen 
inferiorly. The erythrocyte sedimentation 
rate was 88 mm/h (Westergren) and the 
hematocrit was 0.35. 

The patient was hospitalized and re- 
ceived intravenous methyl prednisolone, 
250 mg every 6 hours. Results of a chest 


roentgenogram and electrocardiogram 
were normal. The internist remarked that 
she had “the heart and lungs of an 18-year- 
old.” A left temporal artery biopsy per- 
formed the following day showed granulo- 
matous inflammation, with giant cells in 
the region of the internal elastic lamina 
(Fig 1). The patient felt much better while 
hospitalized and receiving intravenous cor- 
ticosteroid therapy but there was no change 
in her visual function. On the evening of her 
fourth day of hospitalization she experi- 
enced postprandial epigastrie distress and 
vomited. Twenty minutes later, she experi- 
enced a cardiopulmonary arrest and died. 

At autopsy, gross examination of the 
heart revealed patchy hyperemic foci dis- 
tributed along the course of the epicardial 
coronary arteries. The left anterior de- 
scending coronary artery was focally oc- 
cluded by a fresh thrombus. Gross and his- 
tologic evidence of an acute myocardial in- 
farction was identified in the anterior 
papillary muscle of the left ventricle. Mi- 
croscopically, each coronary artery was 
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characterized by striking, concentric, gran- 
ulomatous inflammation (Fig 2). 

The contents of both orbits were removed 
en bloc and examined microscopically. The 
ophthalmic and posterior ciliary arteries of 
both orbits showed extensive symmetrical 
granulomatous inflammation, with many 
vessels largely or completely occluded, yet 
the intraorbital segments of the optic 
nerves showed no evidence of infarction. 
The central retinal artery and choroidal 
vessels of each eye were normal. The left 
optic nerve had exhibited focal ischemic 
changes with markedly hydropic nerve fi- 
bers undergoing axonal degeneration. 

Granulomatous inflammation was also 
identified in the right temporal artery, 
basilar artery, both internal carotid arte- 
ries, thyroid artery, and left subclavian ar- 
tery. 


Comment.—Coronary artery in- 
volvement in GCA remains a diagnos- 
tic dilemma and has been called a 
“cardiologie blind spot.’ The inci- 
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dence of coronary GCA remains unde- 
termined due to several factors: (1) 
atherosclerotic lesions dominate the 
cardiovascular changes in this age 
group and arteritic changes go unrec- 
ognized; (2) histologic evaluation of 
the coronary arteries may not be rou- 
tine; (3) autopsy series describing the 
systemic effects of GCA are few; and 
(4) corticosteroid therapy may reverse 
the coronary arteritis and the changes 
may subsequently go undetected. 

The presence of extensive but “si- 
lent” (no prior symptoms and normal 
electrocardiogram findings) coronary 
artery involvement in our patient is 
unusual and alarming. Previous re- 
ports of GCA associated with myocar- 
dial infarction have noted prior car- 
diac symptoms and abnormalities of 
the electrocardiogram.'* Although the 
incidence of treatable cardiac involve- 
ment in GCA is unknown, patients 
with GCA should be questioned for the 
symptoms of cardiac dysfunction, and, 
in some patients, consultation by an 
internist alerted to the possibility of 
coronary artery involvement may de- 
tect treatable cardiac disease. 

SAUNDERS L. Hupp, MD 
GLENN A. NELSON, MD 
Mobile, Ala 


LORENZ E. ZIMMERMAN, MD 
Washington, DC 
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Band Keratopathy From 
Emulsified Silicone Oil 


A well-recognized complication of sili- 
cone oil use is the development of band 
keratopathy. The keratopathy occurs 
when the silicone oil touches the endo- 
thelium and probably results from re- 
duced fluid flow across the cornea with 
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subsequent change in the pH.’ In some 
eyes with silicone oil, emulsification of 
the silicone oil occurs. This produces 
the tiny droplets of silicone oil that 
float freely, separated from the major 
body of the oil. The frequency of this 
occurrence appears to increase the 
longer the silicone oil is in the eye and 
may approach 100%.* The presence of 
emulsified silicone oil droplets in the 
anterior chamber is not usually associ- 
ated with keratopathy.’ We have re- 
cently seen a patient with silicone oil in 
the posterior chamber, which was well 
separated from his cornea by iris and 
by a posterior chamber lens, who de- 
veloped emulsified silicone oil in the 
anterior chamber. The emulsified oil 
caused band keratopathy. 


Report of a Case.—A 65-year-old man 
underwent cataract extraction with a poste- 
rior chamber intraocular lens implantation 1 
year prior to a central small neodymium- 
YAG laser capsulotomy. A retinal detach- 
ment was diagnosed the same day the cap- 
sulotomy was performed. The detachment 
was repaired by a scleral buckle procedure 
with an initial period of retinal attachment 
of approximately 2 weeks. Because of pro- 
liferative vitreoretinopathy, the retina re- 
detached into a narrow funnel configura- 
tion. Surgery consisting of vitrectomy and 
membrane stripping with endophotocoagu- 
lation and 1000 centistokes silicone oil injec- 
tion was successful in reattaching his reti- 
na. The posterior capsule and posterior 
chamber lens were not removed during the 
procedure; an inferior iridectomy was not 
created. He did well postoperatively, re- 
gaining 20/200 visual acuity. Silicone oil had 
been in place for 2 years when emulsifica- 
tion and minimal band keratopathy were 
noted. Three years after injection, the 
emulsification had increased, as had the 
band keratopathy. His intraocular pressure 
remained normal at 10 mm Hg and his 
visual acuity decreased only slightly to 
20/320. Because of the band keratopathy, 
we elected to remove the silicone oil. When 
the patient was placed in the supine posi- 
tion for operation, the silicone oil droplets 
pooled under the corneal dome, as illustrat- 
ed in the Figure. 


Comment.—This case demonstrates 
that emulsified silicone oil can be asso- 
ciated with the production of band 
keratopathy. The pooling of emulsified 
silicone oil under the corneal dome 
suggests that the mechanism for the 
band keratopathy development may be 
related to mechanical endothelial touch 





Anterior segment photographed through the 
operating microscope with the patient supine. 
Numerous silicone oil droplets within the an- 
terior chamber are pooled under the central 
corneal dome. Early band keratopathy is 
visible. 


in this case, as it is in cases in which 
the larger silicone bubble contacts the 
cornea. The patient had been noted to 
have a hyperoleum, or layered area of 
emulsified silicone oil in the superior 
chamber angle. It appears that pa- 
tients with silicone oil emulsification 
sufficient to cause a hyperoleum are at 
risk of developing band keratopathy. 
Prone or side positioning of patients 
with emulsified silicone oil may help 
prevent band keratopathy since the 
small droplets of oil are freely mobile 
in the anterior chamber. At the time of 
removal, it is important to remove all 
silicone droplets as completely as pos- 
sible to prevent late complications. 
STEVEN R. BENNETT, MD 
GARY W. ABRAMS, MD 
Milwaukee, Wis 
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Introducing: 





HIV Disease is a major health care 
challenge to physicians and other 
medical professionals. With an 
estimated 1.5 million Americans 
infected with HIV, you must stay 
informed. No other single resource 
can give you more practical 
information quickly and concisely. 


A single, practical resource 
HIV Infection and Disease 
provides authoritative, practical 
information. These 16 monographs 
are in a highly concentrated form. 
Since each monograph takes about 
an hour to read, it’s an excellent 
self-study tool. 


HIV Infection 
and Disease 


Monographs for Physicians 


and Other Health Care Workers 





This single resource 
includes information 
about: 

e HIV and Features of Its Infection 

e The Use of Anti-Retroviral 
Therapy for the Treatment of 
AIDS and Related Disorders 

e Alternative Therapies 

e Physicians and Home Health 
Care for Patients with AIDS 

e Ethical Issues in AIDS and HIV 
Infection 


Rely on the opinion of 
experts 

HIV Infection and Disease features 
a forward by C. Everett Koop, MD, 


Complete and mail this form along with your payment to: 
Book & Pamphlet Fulfillment/OP014690, American Medical 
Association, PO. Box 10946, Chicago, IL 60610-0946 Name 


Please send me: 
(AMA Member ) 


(Non-member ) 


Add sales tax (CA, DC, IL, NY only ) 


Phone orders: Call toll free: 1-800-621-8335. 


copies @ $10.00 ea. $ 


Total $ 





ScD, former Surgeon General, 
United States Public Health Service 
(1981-1989). Each monograph 
presents authoritative information 
on HIV, written and reviewed by 
a panel composed of such leading 
authorities as Dani P Bolognesi, 
PhD, Samuel Broder, MD, Anthony 
S. Fauci, MD, Harold W. Jaffe, MD, 
and Jay A. Levy, MD. 


Gain proficiency in HIV diagnosis 
and treatment ... order your copy 
of HIV Infection and Disease today. 








copies @ $8.00 ea. $ 


City/State/Zip 


~*~ 


Account # 


For information on quantity discounts, call the AMA Order 


Department, 312-280-7168. 


* Please allow 4-6 weeks for delivery * Prices subject to change without notice 


* Payment must accompany order 


Cardholder's Signature 


MasterCard 


Please indicate method of payment: 


Enclosed is my check payable to: American Medical Association 


Visa 


Exp. Date 


Daytime Phone # 
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This is the first in a series of three articles on projects involved in the development of cataract 
management guidelines. The November 1990 In Focus will report on the Johns Hopkins Outcome 
Study, and the December 1990 In Focus will report on the Clinical Appropriateness Initiative. 


” Federal Agency to Develop Cataract 


Management Guidelines by January 1991 


Nashville, Tenn.—The Omnibus Budget Reconciliation 
Act of 1989 created the Agency for Health Care Policy and 
Research to enhance the quality, appropriateness, and effec- 
tiveness of health care services and to improve access to such 
health care services. Within the agency, the office of the 
Forum for Quality and Effectiveness in Health Care was 
established to develop, periodically review, and update clini- 
cal guidelines for medical practice in the United States. 

Seven medical conditions were chosen for the first round of 
practice guidelines. Cataract management was chosen as one 
of the seven conditions since, according to the Physician 
Payment Review Commission, one fifth of all dollars spent by 
Medicare for surgical procedures are for cataract surgery. 
The total dollar amount is more than a billion dollars annually. 

Denis O’Day, MD, professor of ophthalmology, Vanderbilt 
University, Nashville, and chairman of the panel of the Amer- 
ican Academy of Ophthalmology (AAO) that developed a 
preferred practice pattern for Cataract and the Otherwise 
Healthy Eye, was appointed leader of the forum panel on 
functional impairment due to cataract in the adult eye. 

In an exclusive interview with “In Focus,” Dr O’Day ex- 
plained that, “An important goal of this project is that the 
specific guidelines will then be adapted to a format under- 
standable to patients.” 

“One key question in addressing this goal is how do patients 
get into the health care system when they have functional 
impairment due to cataract and how effective is the care they 
receive in terms of improving their quality of life. Another 
key question is how should a patient be taken care of after 
cataract surgery, bearing in mind that cataract is a disease 
effecting the elderly population,” O’Day said. “Often times 
they live alone or in circumstances that are far from ideal. We 
want to know, from the patient’s perspective, how that influ- 
ences the quality of care. Is it effective management? Can we 
define concretely the real value of cataract surgery in terms of 
quality of life indicators? What are the important issues that 
determine outcome?” 

“I think that many of the details regarding the appropriate 
management of cataract are self-evident, but we want to be 
sure that we can, whenever possible, document and justify 
what is appropriate care. It’s obviously an enormous task and 


Michael D. Springer, Section Editor 
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our time line is very, very short.” The panel is expected to 
present practice guidelines to the Congress by January 1991. 

The panel will approach cataract management as an issue of 
quality of care, O’Day explained. “While cost-effectiveness 
will be considered down the line, it is very important to 
recognize that cost-effectiveness will not be an issue initially. 
The real issue is quality and what determines appropriate, 
effective care.” 

The panel’ first task is to review the scientific literature on 
cataract management. “We are now in the process of design- 
ing an approach to the literature,” O’Day said. “At the conclu- 
sion, the data will tell us what we know and what we don’t 
know. We suspect that there will be large gaps in our informa- 
tion and some of these gaps we can fill on the basis of common 
sense and expert knowledge. Others will be a stimulus to 
further research, particularly in the field of outcome studies. I 
suspect we may come up with serious questions that have not 
been previously addressed, and that may change practice or 
may indicate change that is needed.” 

“It is very important to appreciate that the panel’s task is 
not to write a text that will become the ‘bible’ of cataract 
management. Rather, we intend to produce a draft document 
based on a literature review and panel consensus. There will 
then be an open forum in which people interested in contribut- 
ing their views will be given an opportunity to do so. This 
exchange will undoubtedly lead to modifications of the draft. 
There will be further opportunities for review later. The goal 
is to produce a document that has had wide input and achieves 
a broad consensus while at the same time having a strong 
scientific basis. That’s no little task. 

“The process has already involved a lot of people. In addi- 
tion to ophthalmologists, there are also psychiatrists, inter- 
nists, family practitioners, anesthesiologists, optometrists, 
nurses, and various people in allied professions as well as 
consumers. 

“T really think that guidelines development represents a 
radical change in medicine. But the whole area is still an 
uncharted sea. If you look across the spectrum of medicine, 
you will see many groups attempting to develop guidelines of 
various sorts, all with the common purpose of improving the 
quality of medical care.” 

JULIE FOREMAN 


InFocus 1391 


bd y ~ i 
~v d 
"N » oe os O 





"A 


t 
3 
\ 
| 
- 


Book Reviews 
Edited by Daniel M. Albert, MD 


Glare and Contrast Sensitivity for 
Clinicians, edited by M. Princeton Nad- 
ler, David Miller, and Daniel J. Nadler, 150 
pp with illus, New York, NY, Springer-Ver- 
lag NY Inc, 1990, $69. 


Visual acuity and visual fields are 
the most commonly used measures of 
vision, but clinicians and visual scien- 
tists have become increasingly aware 
of their limitations. The authors of 
this monograph have brought together 
information about two other parame- 
ters by which vision can be assessed: 
the contrast sensitivity function and 
the related effects of glare. Basic sci- 
entists, optometrists, and ophthalmol- 
ogists approach these subjects from 
different perspectives in their reviews. 


“.. useful to anyone with 
an interest in visual function 
testing.” 


The book is well illustrated, with 
generous use of color plates. A glossary 
is appended to allow translation of 
what is necessarily a complex termi- 
nology. The editors are obviously en- 
thusiastic about their topics, but take 
pains to point out that contrast sensi- 
tivity or glare testing should not be 
used as an excuse to perform marginal 
surgery, and even allow critical evalu- 
ation of their own glare-testing device. 

Several of the contributors point out 
that, at present, testing of contrast 
sensitivity and glare is of limited clin- 
ical value. The development of stan- 
dardized, efficient testing methods 
should change this. I look forward to 
the not-too-distant future when an in- 
strument built around a high-resolu- 
tion video monitor will be used to test 
visual acuity, visual fields (using vari- 
ous stimulus types), contrast sensitiv- 
ity, and perhaps glare and color vision, 
storing the data gathered on a micro- 
computer for analysis and comparison. 

An ophthalmologist in private prac- 
tice, M. Princeton Nadler has sus- 
tained a long-standing interest in a 
complex subject. He has enlisted the 
help of his son and David Miller to 
produce a work that must be consid- 
ered a labor of love. Fortunately, this 
trio maintained their scientific objec- 
tivity, and the resulting volume is use- 
ful to anyone with an interest in visual 
function testing. 

JOHN J. GITTINGER, MD 
Worcester, Mass 
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Diagnosis and Management of Or- 
bital Tumors, by Jerry A. Shields, 399 pp 
with illus, Philadelphia, Pa, WB Saunders 
Co, 1989, $125. 


“Orbital pathology represents the 
no-person’s land of ophthalmology.” 
For those who would agree with this 
statement and who have been lost in an 
area filled with confusing terminology, 
Dr Shields provides a road map and a 
sense of order. From his preface on- 
ward, the author provides a clear and 
concise approach to orbital lesions. 

The book is divided into three sec- 
tions: “Basic Considerations,” “Prima- 
ry Tumors,” and “Metastatic and Sec- 
ondary Orbital Tumors.” Each section 
fulfills its responsibilities admirably. 
“Basic Considerations” leads the 
reader through orbital anatomy, a dis- 
cussion of proptosis, and the basic 
principles of clinical evaluation, labo- 
ratory diagnosis, and treatment of or- 
bital lesions. Inflammatory lesions 
that may simulate true neoplasms are 
also discussed. 


“ ..the author’s vast clinical 


experience permits him to speak 
authoritatively...” 


The remaining two sections discuss 
specific neoplasms. The lesions are 
considered from the perspectives of 
definitions and incidence, clinical fea- 
tures, diagnostic approaches, histopa- 
thology and pathogenesis, manage- 
ment, and prognosis. Each topic is 
illustrated with photographs of the 
clinical appearance of the lesion, 
roentgenographic or other imaging 
study where appropriate, and the 
gross and microscopic pathologic fea- 
tures. The use of newer imaging tech- 
niques is particularly helpful. Salient 
references are provided for each topic. 
The effective use of tables comple- 
ments the thorough but succinct pre- 
sentations, as in the chapter titled, 
“Incidence of Orbital Tumors and 
Pseudotumors.” 

The organization of this text is com- 
pletely familiar to working ophthal- 
mologists as it reflects the way in 
which the “good clinician” proceeds in 
patient evaluation and treatment. In 
this sense, the book provides insight 
into the role that ophthalmic pathol- 
ogy may play in the daily practice of 
ophthalmology. In Dr Shield’s work, 
ophthalmic pathology and clinical 
ophthalmology form a harmonious 
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whole. In this regard, the author’s vast 
clinical experience permits him to 
speak authoritatively, comparing as- 
pects of orbital lesions as revealed in 
large series of biopsies with those most 
frequently encountered by the clini- 
cian. 

The chapters are of a digestible 
length so that much information can 
be assimilated during a quick review in 
the clinic or whenever a high informa- 
tion-verbiage ratio is needed. The sum- 
mary for each chapter should prove 
particularly useful for last-minute ex- 
amination review. 

I have only minor quibbles with this 
book. Some photomicrographs contain 
edge artifacts at their upper borders; 
others suffer a loss of contrast, proba- 
bly secondary to black-and-white re- 
productions of color originals. Al- 
though color illustrations would be 
appreciated, the added expense proba- 
bly would reduce the text’s audience. 

Dr Shields has provided a text that 
is less than 1 in thick but makes 
maximum use of every page. It will be 
useful to residents, fellows, and prac- 
ticing clinicians; moreover, it is read- 
able. 

JOSEPH W. SASSANI, MD 
Hershey, Pa 


General Ophthalmology, 12th ed, by 
Daniel Vaughan, Taylor Asbury, and Kha- 
lid F. Tabbara, 429 pp with illus, East 
Norwalk, Conn, Appleton & Lange, 1989, 
$29. 


With the 12th edition of General 
Ophthalmology, authors Vaughan, As- 
bury, and Tabbara have ensured that 
their textbook will continue to serve, 
as they claim in their preface, “as the 
most concise, current, and authorita- 
tive review of the subject for medical 
students, ophthalmology residents, 
practicing ophthalmologists, nurses, 
optometrists, and colleagues in other 
fields of medicine and surgery.” This 
edition, like its predecessors, is well 
written, well illustrated, portable, and 
affordable. 


“.. well written, well illus- 
trated, portable, and affordable.” 


General Ophthalmology’s major 
strength is that it is readable; it is pri- 
marily a textbook, rather than a man- 
ual, reference, or study guide. The au- 
thors have been careful not to presume 
prior familiarity with the examination 
of the eye or with ophthalmic anatomy 
and terminology. The book is, never- 
theless, useful as a reference by virtue 
of its glossary, its index, and the inclu- 
sion of references at the end of each 
chapter. Chapters on the examination 
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of the eye, commonly used eye medica- 
tions, and principles of management of 
common ocular disorders, along with 
features such as diagrams of the types 
of epithelial keratitis and tables on the 
treatment of keratitis, extend the 
book’s usefulness as a manual. 
General Ophthalmology is up to date 
with a new chapter on lasers and with 
sections on acquired immunodefi- 
ciency syndrome, immunosuppressive 
therapy, intraocular lenses, and re- 
fractive surgery. This book is impres- 
sively broad in scope, containing chap- 
ters on the eye and systemic disease, 
genetics, low vision, and world blind- 
ness. General Ophthalmology remains 
an excellent choice for the nonophthal- 
mologist seeking an ophthalmology 
text, as well as for the ophthalmologist 
who seeks an introductory text for his 
or her office or library. For those who 
own an older edition, the significant 
additions and revisions, along with its 
reasonable price, make the purchase of 
this 12th edition a worthwhile expen- 
diture. 
DEBORAH JACOBS, MD 
Boston, Mass 


Compressive Optic Nerve Lesions 
at the Optic Canal, by Renate Unsdld 
and Wolfgang Seeger, 138 pp with 88 
illus, New York, NY, Springer-Verlag NY 
Inc, 1989, $149. 


This work explores the anatomic 
vulnerability of the optic nerve as it 
passes from the orbit to the intracra- 
nium through a narrow canal sur- 
rounded by arteries, bone, and dura. 
The text provides individual chapters 
on anatomy, clinical signs and symp- 
toms, electrophysiologic testing, neu- 
roradiologic findings, and a surgical 
approach to lesions in this area. Six 
authors contributed to this volume. 


“.. largely given to discussions 
of a small number of rather un- 
usual causes of optic nerve com- 
pression.” 


This book is designed to appeal to 
clinicians, radiologists, and neurosur- 
geons. The desire for wide appeal nec- 
essarily results in some oversimplified 
chapters. For instance, the section on 
clinical features is basic for an experi- 
enced clinician; however, this ap- 
proach is justifiable because the chap- 
ter provides a summary of clinical 
features that might be useful for radi- 
ologists or surgeons. 

Most chapters are well written, em- 
ploying a direct style. Some chapters 
take this to an extreme, resulting in a 
cursory treatment of the subject mat- 
ter, as in the section on visual evoked 
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potentials. 

The title suggests that the book is 
devoted to a wide array of pathologic 
conditions; however, the text is largely 
given to discussions of a small number 
of rather unusual causes of optic nerve 
compression. Cases of optic nerve com- 
pression associated with dolichoectac- 
tic arteries, pneumosinus dilatans, and 
the dural fold overlying the intracra- 
nial aspect of the optic foramen are 
convincingly presented. The authors 
stress the importance of diagnosing 
this set of disorders since some of their 
patients recovered function following 
surgical intervention. They believe 
that these conditions are not well- 
known to most clinicians and are gen- 
erally underdiagnosed. 

The reader might be left with the 
impression that these disorders are 
relatively common causes of compres- 
sive optic neuropathy. Although I can 
accept that these diseases are under- 
diagnosed, I believe that they must 
still be quite uncommon. Nonetheless, 
the authors present a cogent and su- 
perb anatomic exposé highlighting the 
close anatomic relationships of the 
structures under question. The au- 
thors have taken the role of bellwether 
in regard to these forms of optic neu- 
ropathy. Given their interesting pre- 
sentation in this book, the reader de- 
velops a sense that their point of view 
might be justified. 

JOSEPH F. R1zz0, MD 
Boston, Mass 


Contact Lenses: Medical Aspects, 
by Montague Ruben and C. Y. Khoo, 212 
pp with 145 illus, Boston, Mass, PG Pub- 
lishing, 1989, $164. 


The authors attempt to address a 
specific group of ocular conditions in 
which the use of contact lenses is 
potentially beneficial. An assumption 
is made that the reader is familiar 
with the basic science that a contact 
lens practice requires. However, even 
this targeted group will find that, al- 
though the scope of topics covered is 


“.. best reserved as a general 
review for the experienced contact 
lens practitioner.” 


quite broad, the discussion lacks suffi- 
cient detail to be used as a reference 
text. Instead, it is better classified as a 
review text that takes advantage of the 
use of simplified schematics and mul- 
tiple tables (in outline form) to sum- 
marize indications, contraindications, 
complications, and fitting parameters 
in a number of specific situations, in- 
cluding the correction of refractive er- 
rors, aphakia, and keratoconus. 


The first chapter on fitting contact 
lenses reviews general principles with 
regard to lens material used in the 
manufacture of both hard and soft 
contact lenses. The prefitting evalua- 
tion, guidelines for fitting, and after- 
care discussions are superficial. 

The chapter on ocular complications 
of contact lenses introduces many sub- 
jects. However, the discussion of 
pathogenesis for microbial keratitis, 
corneal neovascularization, and in- 
duced corneal warpage (to name a few) 
is minimal. This is also true for the 
discussion of diagnosis and manage- 
ment of these conditions. 

The chapter on therapeutic contact 
lenses, once again, covers a variety of 
corneal disorders, including neuro- 
trophic keratitis, corneal surface ir- 
regularities, ulcers, and perforations. 
The photographic documentation of 
ocular disease and subsequent use of 
contact lenses in this section is excel- 
lent. However, the use of alternative 
therapies, such as tarsorrhaphy, lid 
taping, patching, and collagen shields, 
and their merits is largely omitted. 

The section on correcting refractive 
errors offers a brief but useful over- 
view of conventional and toric soft 
contact lenses as well as mention of 
their limitations. A similar discussion 
of hard and rigid gas-permeable lenses 
follows, with specific emphasis on pa- 
tient selection and practical tips on 
trial lens fittings. 

The chapter on contact lens use in 
children gives practical suggestions 
about types of lenses and techniques 
for fitting. The discussion of keratoco- 
nus emphasizes lens design as an im- 
portant factor in optimal fit for the 
keratoconic patient. There is a brief 
description of key features in the di- 
agnosis of keratoconus but a discus- 
sion of issues concerning the signs of 
contact lens intolerance and indica- 
tions for surgical intervention is lack- 
ing. The final chapter addresses the is- 
sues of lens care and maintenance, 
both for the patient and the contact 
lens practitioner. Here, the impor- 
tance of lens cleaning and disinfection 
and the recognition of contamination 
is stressed. 

The strengths of this book include 
its readability and color photographs. 
It is not intended for the beginner in 
the art of contact lens fitting because 
the clinical discussion and examples 
are presented sparingly. The reference 
section is likewise limited. Contact 
Lenses is best reserved as a general 
review for the experienced contact lens 
practitioner. 

RICHARD CASEY, MD 
Boston, Mass 
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Questions and Answers 


Edited by Stewart MacKay Wolff, MD 


The rapid and complex advances in ophthalmic science make it dificult to stay abreast of the many changes 
that are occurring in our specialty. The ARCHIVES solicits yeur questions, therefore, and requests that they 
be clearly stated and reasonably focused. Names of submitters will be published if the authors wish. Please limit 
your questions to six double-spaced lines and follow the guidelines put forth in our Instructions for Authors 
(readily found in any even-numbered issue of the ARCHIVES). A signed copyright transmittal letter to the AMA 
should accompany all submissions. Questions should be sent to Stewart M. Wolff, MD, 11 E Chase St, 


Baltimore, MD 21202. 


Risk Factors Involved in YAG Laser Posterior Capsulotomy 


What ocular conditions would make you hesitate to do a 
Q YAG laser posterior capsulotomy? 


A Since a YAG laser posterior capsulotomy destroys the 

barrier between the anterior and posterior segments of 
the eye, even the slightest degree of inflammation may be 
considered a relative contraindication because of the in- 
creased risk of cystoid macular edema. It is much better, 
when possible, to quiet the eye first and then to do the 
capsulotomy. 

Likewise, since YAG laser surgery produces at least a 
temporary rise in intraocular pressure, one has to weigh 
carefully the need for posterior capsulotomy in patients with 
poorly controlled intraocular pressure, low facility of outflow, 
and marked visual field loss. It may be wise to use apracloni- 
dine hydrochloride before and after YAG laser surgery and to 
see the patient for an intraocular pressure check the next day. 

Although reference to retinal detachment was omitted on 
the Food and Drug Administration Informed Consent Form 
for YAG lasers, detachments do occur. In rare instances, 
detachments may occur even within days of the capsulotomy. 
Patients need to be informed of this possibility. I sometimes 
obtain retinal consultation before and/or after YAG capsulot- 
omy in patients with a history of retinal detachment or a 
strong family history of retinal detachment, in patients with 
high myopia, and in cases in which there has been vitreous 
loss at surgery. 

ROBERT C. DREwS, MD 
Clayton, Mo 


Acute Retinal Vein Occlusion: 
Evaluation and Management 


What are the immediate first steps in the evaluation and 
management of an acute retinal vein occlusion? 
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In central vein occlusion, with a normal fellow eye, it 
A is extremely unlikely that the management of any 
separate ocular or systemic disease entity will influence the 
natural course of the central vein occlusion. Preexisting 
glaucoma, diabetes, or systemic hypertension, if discovered, 
should be managed appropriately (and separately). If the 
intraretinal hemorrhage is in a “blot” pattern primarily in 
the peripheral retina, and if retinal blood flow appears slow 
by fluorescein angiography, prompt carotid evaluation is 
indicated. If scattered hemorrhage is noted in the fellow 
eye, prompt evaluation for systemic hyperviscosity syn- 
dromes (determined by measuring whole blood viscosity) is 
indicated. 

If visual acuity is 20/400 or worse, if there is extensive 
intraretinal hemorrhage, or if fluorescein angiography 
demonstrates capillary nonperfusion, there is then signif- 
icant risk for the development of iris neovascularization. 
Frequent follow-up observations (every few weeks) are in 
order and, in an attempt to prevent neovascular glaucoma, 
prophylactic panretinal photocoagulation should also be 
considered. Since iris neovascularization can develop quite 
rapidly, all patients should be warned to seek assistance 
promptly if steady discomfort develops in the eye. 

As with central vein occlusion, it is extremely unlikely 
that management of any separate ocular or systemic illness 
would influence the natural course of acute branch vein 
occlusion. Patients should be followed up without therapy 
every 4 months until there is sufficient clearing of intraret- 
inal hemorrhage and stability of visual acuity to perform 
fluorescein angiography. Such a study can provide mean- 
ingful information about retinal vascular perfusion and 
retinal edema and guide considerations of laser photoco- 
agulation, although it may take 6 to 12 months after the 
branch vein occlusion before the vision stabilizes and ad- 
equate fluorescein angiography can be performed. 

DANIEL FINKELSTEIN, MD 
Baltimore, Md 


Questions and Answers 
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News and Comment 


Tissue Banks International Eye Re- 
search Program Awards Five Grants.— 
Tissue Banks International (TBI) has 
announced that five projects have been 
selected by its Research Committee to 
receive funding for 1990-91. According 
to Walter J. Stark, MD, Medical Di- 
rector of TBI, and Ronald E. Smith, 
MD, Chairman of the TBI Research 
Committee, the following projects 
were awarded TBI Eye Research Pro- 
gram grants ranging from $5000 to 
$10 000: “The Effects of Corneal Stor- 
age on Prostaglandin E Z Synthesis,” 
Marcia Jumblatt, MA, University of 
Louisville, Ky; “The Safety and Effi- 
cacy of Ciprofloxin in Tissue Culture 
Media,” Scott X. Stevens, MD, Dean A. 
McGee Eye Institute, Oklahoma (Ok- 
la) City; “A Morphologic Investigation 
Comparing Human Corneal Storage in 
UW, M-K and Dexsol Preservation So- 
lutions,” L. David Ormerod, MD, Loma 
Linda (Calif) University Medical Cen- 
ter; “Efficacy and Safety of Improved 
Antibacterial Regimens for Corneal 
Storage,” David Hwang, MD, Doheny 
Eye Institute, Los Angeles, Calif; and 
“An Evaluation of Antibiotics and 
Disinfectants as an Antiseptic for Cor- 
neal Storage Media,” Jay S. Pepose, 
MD, PhD, St Louis (Mo) Eye Bank. 


Jeffrey A. Spitzer, MD, Honored.— 
Jeffrey A. Spitzer, MD, was honored at 
the 1990 American Medical Associa- 
tion (AMA) meeting held in Chicago, 
Ill, earlier this year. Dr Spitzer was 
awarded a position in the Leadership 
Program for Resident Physicians. This 
award presents an opportunity for res- 
ident physicians to participate in the 
AMA’s policymaking process. Dr 
Spitzer is the only ophthalmology res- 
ident to receive this award, which rec- 
ognizes his commitment to the civic 
and medical community. A volunteer 
consultant to VISIONS (a social ser- 
vice agency in New York City), Dr 
Spitzer is now serving as chief resident 
in ophthalmology at Brookdale Hospi- 
tal Medical Center, Brooklyn, NY. 
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Camille S. Matta, MD, Joins the De- 
partment of Ophthalmology, University of 
Missouri School of Medicine-Eye Foun- 
dation.—Camille S. Matta, MD, has 
joined the University of Missouri, 
Kansas City, School of Medicine as a 
professor of ophthalmology. He com- 
pleted his residency at the American 
University of Beirut, Lebanon, and his 
fellowship at the University of Iowa, 
Iowa City. He founded the Eye Depart- 
ment at the American University of 
Beirut. Dr Matta returns to Kansas 
City following 3 years in Saudi Arabia, 
where he served as professor of oph- 
thalmology, director of medical educa- 
tion at the King Saud University, Ri- 
yadh, Saudi Arabia. 


1990 Officers Announced.—The New 
York Society for Clinical Ophthalmol- 
ogy announced its new officers for 1990: 
Richard D. Lisman, MD, president; 
Robert H. Ritch, MD, chairman, pro- 
gram committee; Frederick M. Wang, 
MD, chairman, membership commit- 
tee; Thomas O. Muldoon, MD, treasurer; 
Dorothy N. Friedberg, MD, correspon- 
dence secretary; and Stanley Chang, 
MD, recording secretary. 


New Officers Elected.—The San Diego 
County (California) Ophthalmological 
Society elected the following officers 
for 1990-1991: Robert N. Weinreb, MD, 
president; Paul Tornambe, MD, vice- 
president; John Bokowsky, MD, secre- 
tary; and Dan Terhorst, MD, treasurer. 


Scott M. Corin, MD, Joins Department 
of Ophthalmology at West Virginia Uni- 
versity.—Scott M. Corin, MD, has 
joined the Department of Ophthalmol- 
ogy at West Virginia University as as- 
sistant professor of ophthalmology 
and director of oculoplastic and orbital 
surgery. Dr Corin is a graduate of 
Brown University and New York Uni- 
versity School of Medicine. He com- 
pleted an ophthalmology residency at 
the University of Michigan-Ann Ar- 
bor and an oculoplastics fellowship at 
the University of Toronto. 


Bausch & Lomb InVision Institute An- 
nounces Third Year of Grant Program.— 
The Bausch & Lomb InVision Institute 
announced a call for entries for re- 
search abstracts on 1991 studies. Pro- 
posals for funding consideration must 
relate to the general field of knowledge 
in vision care and correction. This is 
the third year of the institute’s grant 
program, which awards a total of 
$25000 to fund up to five research 
projects. The not-for-profit InVision 
Institute is dedicated to supporting the 
profession through consumer educa- 
tion. For information regarding ab- 
stract preparation, contact “1991 Re- 
search Grants,” Bausch & Lomb InVi- 
sion Institute, JFK PO Box 9154, 
Boston, MA 02114. Abstracts must be 
received by November 30, 1990, for 
consideration. 


Election Results.—The members of 
the Chicago Ophthalmological Society 
have elected the following officers for 
1990-1991: Lee Jampol, MD, president; 
Elise Torezynski, MD, vice president; 
Karl W. Scheribel, MD, president-elect; 
and Thomas Deutsch, MD, secretary/ 
treasurer. 





Obituaries 


HYMAN, Joseph, 83, Pompano Beach, 
Fla; University of Maryland School of 
Medicine, 1933; residency, Kings 
County Hospital Center, 1937; certified 
by the American Board of Ophthal- 
mology; died January 2, 1990. 


MORRONE, Michael J., 83, St Peters- 
burg, Fla; Hahnemann University 
School of Medicine, 1935; died April 21, 
1990. 
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OUR SYSTEM WORKS AS DELICATELY 
AT RESTORING SIGHT. 


It's a wonder to see how today's most advanced restoration techniques have 


caused a renaissance for Michelangelo's Sistine Chapel. 


And to consider the close relationship between the work of the restorer and the 


skilled cataract surgeon. 
Both separating darkness from light. 
Both working with rapt concentration. 


Even the credo of the restorer is shared with the physician: First, do no harm. 


The concept of delicate restoration is our inspiration for the SingleStitch System 


and for the design of our foldable PhacoF lex IOL. 


Classic 14 mm length. Open-loop fixation. Created of a unique silicone material 


which enables it to fold and be inserted through an incision of 4 mm or smaller. 


The lens is delivered directly into the bag via the gentle control of the Prodigy 


Inserter, with little or no manipulation in the eye. 


A single stroke of genius designed to benefit your patients. And affords you the 


confidence which comes with the latest insertion technology. 


The PhacoFlex Lens and Prodigy Inserter are elements of a carefully created 
system of products and services that includes AMO's SingleStitch Seminars, 
designed to hone your restoration skills with phaco and SingleStitch cataract 


surgery training. 


Call 1-800-306-6554. And learn how our System, in your hands, can restore 


a masterwork. 


SingleStitch PhacoF lex 


IntraOcularLens 


Caution: Federal law restricts this device to sale by or on the order of a physician. 


QÈ ALLERGAN MEDICAL OPTICS Allergan Medical Optics, A Subsidiary of Allergan, Inc., Irvine, CA 92718 © 1990 Allergan, Inc. The Tools of the ‘Trade. AMO 
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OUR SYSTEM'S STRENGTH 


It's hard to imagine what a simple rose could have in common with today's most 


advanced cataract surgical system. 


But watch the flower's petals gently unfold and you'll see the beauty behind 


AMO's newest creation. 
The Prodigy Inserter. 


Designed exclusively for the 
SingleStitch System, the Prodigy 
is a simple yet brilliant way of 
placing the noninvestigational 


PhacoF lex Lens right into the bag. 


This pencil-sized, disposable 
inserter draws the foldable 
PhacoFlex IOL into a tiny tube 
which is easily inserted into an 
incision of 4 mm or smaller. 

By the controlled sliding of 
a trigger, the lens gently unfolds 


into the capsule. with both haptics 


perfectly in place for fixation. 


With the Prodigy, there is 





no springing or shooting. just 
a supreme degree of contidence in the predictable control it provides. 
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Is IN ITS GENTLE ‘TOUCH. 


Its slow-motion release allows you to insert the System's PhacoF lex Lens with 


little or no manipulation in the eye. 


The combination of our Prodigy Inserter and PhacoFlex Lens means greater 


a ee 


ease of LOL insertion. There are 
also positive patient benefits 


to consider. 


Naturally, the benefits 
of using our Prodigy Inserter 
and PhacoFlex Lens grow even 
stronger when you take 
advantage of our complete 


SingleStitch System. 


Including AMO's SingleStitch 
System Seminars, designed to 
nurture your skills with hands-on 
phaco and SingleStitch cataract 


surgery training. 


Call 1-800-360-0554. And 
get in touch with the system that 


can keep your practice blooming. 





Prodigy 


Inserter | * 
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OUR SYSTEM IS FOR EVERY 
SURGEON WHO SPECIALIZES 
IN [HIS AREA. 


We have seen more changes in our world in the past 
few years than we have in decades. 

Consider the evolving ideologies. Borders open and 
free to cross. 

Proof indeed that change can be appreciated for the 
good it brings. 

The SingleStitch System for cataract surgery is an 
example of change in our world. 

A change that can be best appreciated for its potential 
patient benefits. 

Using the smallest incision currently possible. 
SingleStitch cataract surgery balances new technology with 
the skill and wisdom that you've acquired over the years. 


When you're ready, it isa technology easily acquired 


at AMO's SingleStitch System Seminars. 





In just two days. we can facilitate your transition to 
phaco as you receive hands-on experience in phaco training and in the implantation 
of our noninvestigational, foldable PhacoF lex lens. 

Using the gentle, controlled delivery of the Prodigy Inserter. 
you will insert the lens through an incision of 4 mm or less. A change in procedure 


certainly worth investigating. 


While this world does change, there are constants. One of those is the service 
and experience of Allergan Medical Optics, a single source for all your SingleStitch 
needs. Call 1-800-306-6554. And ask about learning the system that can expand 


“the world of your practice. 


SingleStitchSeminar 
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FFICIENCY! 


he new Omni 3 is a supremely efficient concept in lane 
esign with a decided difference. It is the world’s only fully 
tegrated modular system—a series of interlocking com- 
onents that you select to best fit your particular working 
tyle, office environment and budget. Assembled and 
ranged in strict accordance with your personal input and 
rection, the OMNI 3 functions as a single, state-of-the-art 
pfracting lane, regardless of the components chosen. 

e result couldn't be more time or space efficient! And, 
ecause this unique system is styled for the 90’s, with a 
ide choice of attractive colors and upholstery, it enhances 

y Office setting. 


To learn more about the remarkably efficient and ver- 
atile OMNI 3 examination system, and how it can be cus- 
mized to fit your particular needs and personalized testing 
ocedures, call us at one of the numbers listed below. 


air: OM-214PMC power up/down, manual recline. 

ool: OM-228PS pneumatic control. Stand: OM-3003 with revolving 
pntrol pad, refractor arm, slit lamp arm, near point light. 
pnsole: OM-300D. Options: Autoswitch control panel, OM-114MP 
ojector mount, OM-104X x-ray viewer. 


air: OM-214PMC, power up/down, manual recline. 

and: OM-3004 with refractor arm, slit lamp arm, near point light. 
esk: OM-300DC with instrument/control panel arm. 
potions: OM-3050C overhead shelf. OM-114DM projector mount. 
M-3092Z2 sink cabinet. OM-31112SC (Self contained). 


Chair: OM-200T is a tilting Ophthalmic Chair that features a 


motorized elevation range of 9.8", a rotation range of 350 anda 
backrest that inclines from 105°to 150°. An auto-return switch 
smoothly returns the unit to its lowest position, allowing 

easy patient exit. 


See us at Booth #1850 at the 


7) AAO Convention in Atlanta, GA 


ISELL /DIVERSATRONICS, INC. 


OMNI 3 


A new concept in custom component lane design. 


isell/diversatronics, 226 West Penn Street, Norristown, PA 19407 
Call toll- free: ]- (800)- 523- 0265. In California call: (21. 3)820- 7870 
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Editorials 


Do We Have a Nutritional Treatment for 


Age-Related Cataract or Macular 


Degeneration? 


Ap related cataract and age-related macular de- 
generation are the major causes of visual im- 
pairment and blindness in the aging US population.!? 
Because the elderly are the fastest-growing segment 
of the population, the prevalence of both disorders 
will rise dramatically in the next two decades. No 


_ medical treatment has been documented to prevent 


the development or slow the progression of either 
disease. Once cataracts have developed, surgical 
treatment is very effective, but cataract surgery, like 
all surgery, carries some risks and is imposing a 
growing economic burden on medical resources. Al- 
though some persons with the neovascular form of 
macular degeneration can benefit from laser 
photocoagulation,? no treatment is available for 
atrophic macular degeneration, by far the more com- 
mon form of the disease. 

Animal research and preliminary epidemiologic 
studies have suggested a protective role for certain 
micronutrients in the development of cataract and 
macular degeneration, in particular, vitamins and 
certain trace minerals with antioxidant capabilities. 
While these studies provide leads that deserve fur- 
ther investigation, some physicians have already be- 
gun to treat patients with nutritional supplements. 
The absence of any medical treatment for most 
patients with macular degeneration and cataract, 
combined with the public’s perception that over-the- 
counter nutritional supplements have relatively mi- 
nor side effects, creates the potential for widespread 
use of vitamin/mineral supplements for preventing 
or treating eye diseases in the absence of demon- 
strated effectiveness. 


AGE-RELATED CATARACT 
Animal and In Vitro Studies 


Initial suggestions that nutrition might be impor- 
tant in cataract development came from laboratory 
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animal studies, in which the experimental approach 
was to study the effect of diet on the lens by either 
omitting or overproviding normal dietary constitu- 
ents. Such studies and in vitro experiments have sug- 
gested a possible role for a diverse group of nutrients 
in preventing cataract. Implicated nutrients include 
riboflavin, total protein, amino acids (most notably 
tryptophan), vitamin E, vitamin C, selenium, calcium, 
zinc, and others.*° The relevance of the findings from 
these studies for the prevention or treatment of hu- 
man cataracts is unclear because deprivation and 
oversupplementation of nutrients have been extreme 
in these laboratory studies and there is considerable 
variation between species in the absorption, meta- 
bolism, and need for various exogenous micronu- 
trients. 

In recent years, suggestions about how micronutri- 
ents might protect the lens from oxidative damage, an 
important feature of cataract development, have 
stimulated renewed interest in the relationship be- 
tween micronutrient intake and human cataracts. 
Oxidative damage is thought to cause, or at least ac- 
company, the formation of both nuclear and cortical 
cataracts.**’ Activated forms of oxygen produced by 
a variety of external insults, such as exposure to near 
UV light, or as a product of normal metabolism, can 
attack lens epithelial and fiber-cell membranes as 
well as lens enzymes important for energy production 
and the maintenance of electrolyte balance within the 
lens fibers. Hydrogen peroxide, which is found in the 
aqueous humor, can also give rise to activated forms 
of oxygen, such as singlet oxygen and superoxide an- 
ion. Arrayed against the threat of oxidative damage 
are elaborate enzymatic and nonenzymatic defenses 
in the lens that deactivate these oxygen-containing 
molecular species. The enzymes include superoxide 
dismutase, catalase, and selenium-dependent glu- 
tathione peroxidase. In addition, naturally occurring 
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antioxidants, such as glutathione, vitamin C, vitamin 
E, and perhaps carotenoids, also act against oxidative 
reactions singly and may act in some synergistic 
fashion with each other and with the antioxidant en- 
zymes. Moreover, some evidence suggests that these 
defenses decrease as cataracts develop. This combi- 
nation of observations has led to suggestions that 
micronutrients that influence antioxidant status may 
be important in protecting against cataract forma- 
tion. 


Human Studies 


Observational epidemiologic studies have provided 
no conclusive data about the relationship between 
nutrient intake and cataract development. Two of 
three large case-control studies that used food fre- 
quency interviews to estimate dietary intake of se- 
lected nutrients reported a decreased risk of cataracts 
in persons with a higher intake of a number of 
micronutrients.*” One of the studies also reported a 
decreased risk of cataracts among persons who used 
multiple vitamin supplements regularly.’ A smaller 
case-control study found fewer cataracts in persons 
taking supplementary vitamin C or supplementary 
vitamin E, but no protective effect for persons taking 
multivitamin preparations." One additional observa- 
tional study reported that subjects with “high” 
plasma levels of at least two of three vitamins with 
antioxidant characteristics (vitamin E, vitamin C, or 
carotenoids) were at reduced risk of cataract com- 
pared with subjects with low levels of these vitamins.’ 
No association was found between the risk of cataract 
and erythrocyte levels of superoxide dismutase and 
glutathione peroxidase, enzymes important in antiox- 
idant systems of red blood cells as well as the lens. 

Several factors make observational studies poorly 
suited to evaluate the relationship between nutri- 
tional status and the risk of cataract. Bias and 
confounding, problems inherent in observational 
studies, could easily obscure the small to moderate 
effect on the risk of cataract that might be expected 
from nutritional factors—if such factors have any ef- 
fect at all. Conversely, confounding could result in 
spurious positive findings. Markers of higher socio- 
economic status are consistently associated with a 
decreased risk of cataract.*"°'? Higher intake of mi- 
cronutrients may be simply another such marker, 
since socioeconomic factors, such as income and edu- 
cation, are positively associated with higher levels of 
nutrient intake and with vitamin supplementation." 
An additional problem is the difficulty of obtaining 
accurate histories of nutrient intake prior to the de- 
velopment of a chronic disease such as cataract. 
Finally, the high degree of correlation in intake 
among the various dietary micronutrients makes it 
difficult to determine which specific nutrient or nu- 
trients may explain any observed associations. 


AGE-RELATED MACULAR DEGENERATION 


The data linking dietary intake of micronutrients 
and macular degeneration are even more sparse than 
those for cataract. As in the case of cataract, some 
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have suggested that micronutrients with antioxidant 
potential and a variety of trace minerals necessary for 
the proper functioning of some key enzyme systems 
may protect against macular degeneration.“ Photo- 
chemieal damage from radiant energy such as sun- 
light, a possible source of damage to the retina, can 
induce the production of activated forms of oxygen, 
which in turn can cause lipid peroxidation of the pho- 
toreceptor outer-segment membranes, areas rich in 
polyunsaturated fatty acids. Theoretically, antioxi- 
dants, such as vitamin C, vitamin E, 6-carotene, and 
glutathione, and antioxidant enzymes, such as seleni- 
um-dependent glutathione peroxidase, could prevent 
cellular damage by acting as singlet oxygen and free- 
radical scavengers. Some support for this hypothesis 
is provided by studies in primates that show disrup- 
tion of retinal photoreceptors with deficiencies of vi- 
tamins A and E" and a protective effect of vitamin C 
in reducing the loss of rhodopsin and photoreceptor- 
cell nuclei in rats exposed to photic injury.’ 

The high concentrations of zinc in the retinal pig- 
ment epithelium and retina, claims of widespread zinc 
deficiency in the elderly, and the results of a small 
randomized trial” in which zinc was administered 
have led some to recommend zinc supplementation to 
patients with macular degeneration. However, as the 
investigators of the trial point out, “Because of the 
pilot nature of the study and the possible toxic effects 
and complications of oral zinc administration, wide- 
spread use of zinc in macular degeneration is not now 
warranted.” 


CONCLUSIONS 


Currently, there is no convincing evidence that nu- 
tritional supplementation can affect the development 
or progression of age-related cataracts or age-related 
macular degeneration. The absence of any medical 
therapy for cataract and the absence of any therapy 
for most patients with macular degeneration, com- 
bined with the perception that toxicity from vitamin/ 
mineral supplementation is low, have led some to 
recommend the use of supplements for patients with 
these conditions. However, the recommendation 
raises some concerns. Most such supplements are 


used to treat conditions and complaints for which < 


their efficacy has not been demonstrated. Macular 
degeneration and cataract are at risk of being added 
to this list. Furthermore, a clear definition of toxicity 
has not been established for many nutrients, and 
there are indications that use of megadoses of these 
supplements is on the rise. Vitamin/mineral supple- 
ment sales already exceed $2 billion annually and are 
expected to grow 15% per year for the next decade." 
There is growing concern that excessive intake, not 
only of fat-soluble vitamins, but also of some trace 
minerals and even some water-soluble vitamins, may 
be associated with toxicity, including undesirable in- 
teractions with other drugs and other vitamins.!*” 
In view of the limitations of observational studies 


in evaluating the efficacy of nutritional supplements, & 


well-designed clinical trials are needed to address the 
question of whether vitamin/mineral supplementa- 
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tion can affect cataract, macular degeneration, and 
other ocular diseases. The National Eye Institute has 
now begun a multiyear study of the clinical course and 
prognosis of age-related macular degeneration and 
age-related cataract. The study will include a ran- 
domized trial component to evaluate the effect of vi- 
tamin/mineral supplements on the development of 
the two diseases. Until results from this and other 
clinical trials are available, claims of efficacy in 
treating cataracts and macular degeneration with vi- 
tamin/mineral supplements are premature and, in- 
deed, such treatment is not without some risk. 
ROBERT D. SPERDUTO, MD 
FREDERICK L. FERRIS III, MD 
NATALIE KURINIJ, PHD 
Bethesda, Md 


Reprint requests to the Biometry and Epidemiology Program, National 
Eye Institute, National Institutes of Health, Bldg 31, Room 6A24, Bethesda, 
MD 20892 (Dr Sperduto). 
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The Molecular Genetics of 


Leber’s Hereditary Optic Neuropathy 


E eber’s hereditary optic neuropathy (LHON) is a 
maternally inherited disease that is characterized 
by acute, severe, bilateral visual loss in healthy young 
persons. The central visual loss is acute or subacute at 





See also p 1417. 





onset, painless, and accompanied by large cecocentral 
scotomata and dyschromatopsia. Visual loss is virtually 
always bilateral and is usually synchronous in onset. 
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The visual symptoms usually occur in isolation, al- 
though abnormalities of cardiac conduction have been 
convincingly demonstrated in some families.’ 

Leber’s hereditary optic neuropathy is strictly ma- 
ternally inherited and passes to future generations only 
through women.*” An affected man never has offspring 
with LHON, while a woman in a family with LHON 
may have affected children although she herself is visu- 
ally normal (ie, she acts as a carrier of the genetic trait). 
Although the vast majority of cellular DNA is con- 
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tained in the nucleus, mitochondria also contain inde- 
pendently inherited DNA. Mitochondrial DNA 
(mtDNA) is strictly maternally inherited and thus be- 
came a candidate for the locus of the pathogenetic muta- 
tion of LHON. 

Geneticist Douglas Wallace and colleagues’ discov- 
ered a causative point mutation in a black man with 
LHON and confirmed it in eight other families with 
LHON. This mutation is a guanine-to-adenine substitu- 
tion at position 11 778 (hereafter referred to as the 
11 778 mutation) of mtDNA in the fourth subunit of 
nicotinamide adenine dinucleotide (reduced form) de- 
hydrogenase, one of seven mitochondrially encoded 
subunits of complex I of oxidative phosphorylation. The 
11 778 mutation causes a subtle change, the replace- 
ment of one basic amino acid (arginine) with another 
(histidine), but the arginine at this position is highly 
conserved evolutionarily. 

Fortunately, this mutation alters the recognition 
sites of restriction endonucleases that can be detected 
by standard molecular biological techniques. The main 
advantage of the use of the restriction enzyme Mae III, 
as described by Stone and colleagues’ elsewhere in this 
issue, is to avoid a false-positive diagnosis of LHON. 
Since mtDNA mutates at five to 10 times the rate of 
nuclear DNA, the possibility of a false-positive result 
from a harmless polymorphism is proportionately in- 
creased. Using a similar polymerase chain reaction- 
based technique with both SfaNI and Mae III restric- 
tion enzyme digests, we have unequivocally diagnosed 
the 11 778 mutation in multiple LHON probands from 
North America and France.‘ 

The use of these two restriction enzymatic analyses 
gives a molecular genetic diagnosis of the 11 778 muta- 
tion that approaches 100% sensitivity and specificity. 
Nevertheless, LHON is a genetically heterogeneous 
disorder and only about 50% of cases of definite LHON 
are due to the 11 778 mutation.*° Thus, from the overall 
clinical viewpoint, these molecular genetic tests are 
100% specific (ie, no false-positive results) but only 50% 
sensitive (ie, a 50% false-negative rate) for the diagno- 
sis of LHON. 

What is the clinical utility of these molecular genetic 
discoveries? Above all, the molecular genetic tests are 
useful for confirming the clinical diagnosis of LHON. 
Since acute visual loss in a young person is such a 
medical and psychological catastrophe, an aggressive 
diagnostic approach is pursued in most patients with 
LHON. Definitive molecular genetic diagnosis of 
LHON can thus obviate an expensive, duplicate, inva- 
sive workup and can also spare the patient unneces- 
sary, potentially harmful therapy. 

The demonstration of a mutation in a protein subunit 
of complex I of oxidative phosphorylation gives us some 
insight into the pathophysiology of the mitochondrial 
energy failure that probably underlies LHON. The 
identification of a specific gene defect is a prerequisite 
for the development of a rational form of therapy, such 
as the use of vitamin cofactors of oxidative phosphory- 
lation or electron shuttles to bypass metabolic blocks. 

The 11 778 mutation may portend a poorer prognosis 
for significant recovery of vision.’ The existence of an 


1406 Arch Ophthalmol—Vol 108, October 1990 


mtDNA mutation has powerful implications for genetic 
counseling. The principles of mtDNA inheritance dic- 


tate that affected men will not pass the mutation to | 


their offspring, while all of their maternal relatives 
(including siblings) will harbor the mutation. 

In specific clinical situations, molecular genetic test- 
ing for LHON can be particularly helpful. For example, 
it is invaluable for diagnosis in “atypical” cases of 
LHON, especially those occurring sporadically without 
a known family history of LHON, in which one or more 
clinical features differ from "classic” LHON. It is also 
helpful in cases of chronic optic atrophy that are being 
evaluated some time after the onset of visual loss and in 
whom the pathognomonic peripapillary telangiectasia 
has been superseded by the nonspecific "tombstone" of 
chronic optic atrophy. In the absence of a positive fam- 
ily history (or characteristic fundus findings in mater- 
nal relatives), such cases would not have been reliably 
diagnosed as LHON before the availability of molecular 
genetic analysis. 

The identification of asymptomatic LHON carriers 
(derived virtually exclusively from maternal relatives 
of index patients who have tested positive for the 11 778 
mutation) via definitive molecular confirmation may 
serve to stimulate dissemination of information about 
the condition within the family and may also destroy the 
final vestiges of denial in some family members. In 
addition to identifying individuals for referral for ge- 
netic counseling, I advise carriers to avoid exposure to 
toxins such as tobacco smoke and excess alcohol con- 
sumption since they may further compromise mito- 
chondrial energy metabolism. 

The availability of precise molecular genetic testing 
will help us refine the clinical features of LHON and 
expand the classic neuro-ophthalmologie phenotype. 
The current clinical conceptualization of LHON is 
appropriately derived from large, well-characterized 
pedigrees (especially those so elegantly studied by 
Nikoskelainen and colleagues in Finland’). Our data, 
which are derived from molecularly proven cases of 
LHON, indicate that clinically sporadic cases are much 
more frequent than those in large families. These spo- 
radic cases may expand our knowledge about the clini- 
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cal boundaries of LHON. An unequivocal genetic mark- P 


er also provides a homogeneous population of at-risk 
and symptomatic patients for focused study. 

The clinical utility of the molecular genetic diagnosis 
of LHON will be greatly fortified when the molecular 
defects are elucidated in those patients with LHON 
who do not harbor the 11 778 mutation. These patients 
most likely have other mtDNA mutations, although 
some may have a different disease that phenotypically 
mimics LHON. Segregating patients with LHON into 
those who test positive or negative for the 11 778 muta- 
tion may yield further clinical insight. 

The majority of patients with the 11 778 mutation 
harbor a single population of mtDNA molecules in their 
cells, a condition known as homoplasmy. Some patients 
with the LHON 11 778 mutation, however, contain a 
dimorphic population of normal and mutant mtDN As 
(heteroplasmy).® Differences in the ratio of the two 
mtDNAs may explain some of the intrafamilial and 
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interfamilial variability in clinical expression of LHON 
and may complicate the interpretation of molecular 
genetic data. 

The availability of a molecular genetic test has con- 
tributed greatly to our understanding of LHON. How- 
ever, a number of fundamental issues remain unex- 
plained by the discovery of the 11778 mutation: the 
marked male gender bias in clinical expression (a pre- 
liminary study failed to demonstrate a modifying x- 
linked gene“); the degree of variability in expression; 
the onset of permanent acute visual loss after a very 
long latent period; the basis for recovery of vision in 
some cases; and the limited tissue (ie, optic nerve) 
expression of a ubiquitous genetic defect. Remarkable 
strides have been made toward understanding the mo- 
lecular basis of LHON, and the 1990s should see contin- 


- ued progress toward the ultimate goals of prevention 


and effective treatment of LHON. 


DONALD R. JOHNS, MD 
Baltimore, Md 


This work was supported in part by grant NSO1359 from the 
National Institutes of Health, Bethesda, Md. 


References 


1. Nikoskelainen EK, Savontaus ML, Wanne OP, Katila MJ, 
Nummelin KU. Leber’s hereditary optic neuroretinopathy, a mater- 
nally inherited disease: a geneologic study in four pedigrees. Arch 
Ophthalmol. 1987;105:665-671. 

2. Wallace DC, Singh G, Lott MT, et al. Mitochondrial DNA 
mutation associated with Leber’s hereditary optic neuropathy. Sci- 
ence. 1988;242:1427-1430. 

3. Stone EM, Coppinger JM, Kardon RH, Donelson J. Mae III 
positively detects the mitochondrial mutation associated with type I 
Leber’s hereditary optic neuropathy. Arch Ophthalmol. 1990; 
108:1417-1420. 

4. Johns DR. Improved molecular genetic diagnosis of Leber’s 
hereditary optic neuropathy. N Engl J Med. 1990. In press. 

5. Vilkki J, Savontaus M-L, Nikoskelainen EK. Genetic heteroge- 
neity in Leber’s hereditary optic neuropathy revealed by mitochon- 
drial DNA polymorphism. Am J Hum Genet. 1989;45:206-211. 

6. Holt IJ, Miller DH, Harding AE. Genetic heterogeneity and 
mitochondrial DNA heteroplasmy in Leber’s hereditary optic neu- 
ropathy. J Med Genet. 1989;26:739-743. 

7. Lott MY, Voljavee AS, Wallace DC. Variable genotype of 
Leber’s hereditary optic neuropathy patients. Am J Ophthalmol. 
1990;109:625-631. 

8. Chen J-D, Cox I, Denton MJ. Preliminary exclusion of an X- 
linked gene in Leber optic atrophy by linkage analysis. Hum Genet. 
1989;82:203-207. 


CORRECTION 


Transposed Figures.—In the article by Aguirre Vila-Coro entitled “Vascular 


Microdissection in Strabismus Surgery,” published in the July 1990 issue of the 
ARCHIVES (1990;108:1034-1036), Figs 1 and 2 were transposed and printed upside 
down. The legends, however, were printed in the correct positions. 
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Multicenter Trial of Cryotherapy 


for Retinopathy of Prematurity 


One-Year Outcome—Structure and Function 


Cryotherapy for Retinopathy of Prematurity Cooperative Group 


è This study of the safety and efficacy of cryotherapy in treat- 
ing severe retinopathy of prematurity registered 9751 infants 
with birth weights less than 1251 g at 23 study centers. Two 
hundred ninety-one infants developed a defined threshold reti- 
nopathy of prematurity, and cryotherapy was performed in ap- 
proximately half of the eyes through a randomization protocol. 
Twelve months after randomization, results of masked grading of 
fundus photographs of the posterior pole were similar to results 
obtained 3 months after randomization, and indicated an unfa- 
vorable outcome in 25.7% of the eyes that received cryotherapy 
compared with 47.4% of the control eyes (P<.0001). For the first 
time, masked Teller Acuity Card assessment of grating acuity 
was performed in this study group and indicated an unfavorable 
functional outcome in 35.0% of the treated eyes compared with 
56.3% of the control eyes (P<.0001). These results indicate that 
cryotherapy reduces the risk of unfavorable retinal and function- 
al outcome from threshold retinopathy of prematurity. 

(Arch Ophthalmol. 1990;108:1408-1416) 


esults of the 3-month follow-up examination of 291 in- 
fants in the Multicenter Trial of Cryotherapy for Reti- 
nopathy of Prematurity (CRYO-ROP) indicated that the inci- 
dence of an unfavorable outcome, defined as retinal 


See also p 1375. 


detachment or macular fold visible in photographs of the 


posterior pole, was significantly lower in eyes that had under- 
gone cryotherapy (31.1%) than in untreated eyes with similar 
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degrees of severe retinopathy (51.4%).' Twelve months after 
randomization, the retinal appearance was again documented 
with fundus photography and clinical examination. In addi- 
tion, a quantitative measure of visual function, grating acuity, 
was obtained with the Teller Acuity Card Procedure.”* This 
report presents the 12-month results of both the structural 
and functional assessments for the 291 infants enrolled in the 
multicenter randomized trial of cryotherapy. 


PATIENTS AND METHODS 
Patients 


Infants with birth weights less than 1251 g and birth dates 
between January 1, 1986, and November 30, 1987, were 
enrolled in the study at one of the 23 participating centers. 
Infants who survived at least 28 days underwent serial eye 
examinations to detect threshold ROP, defined as at least 5 
contiguous clock hours or 8 cumulative clock hours of stage 3 
ROP in zone 1 or 2 in the presence of “plus disease” (dilatation 
and tortuosity of the posterior retinal vessels’). If this thresh- 
old was reached, randomization assignment was made and 
cryotherapy was performed within 72 hours as assigned. 
Infants born at other hospitals were eligible for the random- 
ized trial if they were transferred to a participating center and 
they met randomization criteria. Eyes randomized to receive 
no cryotherapy served as the control group. If no ROP was 
observed or if existent ROP regressed before reaching 
threshold, the infant was not eligible for treatment in the 
trial. Patients were also ineligible if ROP progressed to stage 
4 prior to randomization. Informed consent was obtained 
from parents prior to entry into the study and prior to ran- 
domization. For complete details concerning patients, sample 
size determination, and cryotherapy technique, see previous 
publications.** 


Structural Outcome 


Struetural outcome was documented with stereoscopic 
photographs of the posterior pole and anterior segment at 12 


to 16 months after randomization (corrected age, approxi- © 


mately 12 to 16 months from due date). These photographs 
were submitted to a Fundus Photograph Reading Center and 
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be 


read in a masked fashion. An unfavorable outcome was de- 
fined as (1) a posterior retinal fold (usually involving the 
macula), (2) a retinal detachment involving zone 1 of the 

- posterior pole, or (8) retrolental tissue or “mass” obscuring 
-the view of the posterior pole. Eyes that underwent retinal 
reattachment procedures were classified as having an unfa- 
vorable outcome. Eyes with other fundus appearances were 
classified as having a favorable outcome or were not able to be 
graded. Details of the photographic evaluation have been 
described elsewhere.’ 

A secondary evaluation of structural outcome was provided 
for each patient by two investigators, who examined the child 
independently and recorded a summary diagnosis of residue 
of ROP. The physician’s summary diagnosis was based on a 
modification of the Reese cicatricial grading system,” which 
takes into account the overall appearance of the posterior and 
peripheral retina, parts of which would not have been visible 
on the posterior pole photographs. For the physician’s sum- 
mary diagnosis, an unfavorable outcome was defined as (1) a 
retinal fold involving the macula, (2) a retrolental opacity 
encroaching on the pupil and/or a partial retinal detachment, 
or (3) total retinal detachment or total pupillary occlusion by 
fibrovascular membrane. 

Refractive errors were determined by cycloplegic retinos- 
copy after instilling 1% cyclopentolate hydrochloride. When 
there was a medical contraindication to this drop, either 0.5% 
cyclopentolate or 1% tropicamide was used. 


Functional Outcome 


The functional outcome at 12 to 16 months after randomiza- 
tion was evaluated with monocular grating acuity assess- 
ments, conducted by testers masked to the eye’s randomiza- 
tion status, the ophthalmologist’s subjective estimate of 
visual function, and the structural outcome of the eye. Thirty 
percent of the grating acuity assessments were conducted on 
the same day as the eye examination, and additional 12% were 
conducted within 1 month of the eye examination, and 15% 
were conducted within 2 months of the eye examination. 
Because acuity card testing was incorporated into the study 
after the earliest infants enrolled in the study had received 
their 12-month eye examinations, the interval between acuity 
card testing and the eye examination was greater than 2 
months in 48% of the infants. 

The technique employed to evaluate grating acuity was the 
Acuity Card Procedure, as described previously.’ Briefly, the 
tester presented to each infant a series of gray cards (Vistech 
Ine, Dayton, Ohio) with a 12.5 x 12.5-cm black-and-white 
square-wave grating located to the right or left of a central 
- peephole. The spatial frequency of the grating varied from 
card to card in half-octave steps between 0.3 and 38 cycles per 
centimeter. An additional card, called the “low vision” card, 
contained a grating of 0.2 cycles per centimeter, 25 x 24 cm in 
size, located to one side of the peephole. Standard test dis- 
tance was 38 cm; however, a test distance of 19 or 9.5 cm was 
permitted for infants who did not respond to the gratings at 38 
cm, and a test distance of 55 cm was permitted for infants who 
grabbed at the acuity screen (Vistech Inc) through which the 
cards were presented. The tester showed each card to the 
infant at least twice, once with the grating located to the left 
and once with the grating located to the right of the peephole. 
The tester was masked to the location of the grating on each 
card, but was aware of the spatial frequency of the grating. 
Acuity was scored as the spatial frequency of the finest grat- 
ing to which the infant showed a consistent fixation response. 

Visual acuity data were included in analyses only if the 
following criteria had been met: (1) an acuity result (measur- 
able acuity, light perception only, or no light perception) was 
obtained for each eye of bilateral threshold cases or the ran- 
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domized eye of asymmetric cases; (2) amblyopia, if present, 
had been treated for at least 4 weeks prior to the acuity test; 
and (3) refractive errors, if present in either eye of bilateral 
threshold cases or in the randomized eye in asymmetric cases, 
had been corrected for at least 4 weeks prior to the acuity test. 
The criteria for correction of refractive errors were myopia 
greater than —4.75 diopters (D), hyperopia greater than 
+6.00 D, or astigmatism greater than 3.00 D. Data from 
infants with uncorrected anisometropia greater than 2.00 D 
spherical equivalent or 2.00 D cylinder were included only if 
the examining physician found no evidence of amblyopia. 
Acuity scores for infants who had undergone vitrectomy for 
total retinal detachment (29 treated eyes and 44 untreated 
eyes) were also included. 

Infants who were judged to be blind on clinical grounds 
were exempted from acuity testing if they met all of the 
following criteria at the time of the 1-year examination: (1) 
documented bilateral total retinal detachments, (2) vision 
judged by the physician to be light perception only, or worse, 
and (8) functional blindness reported by parents. Eyes of 
infants who were exempted from acuity testing were coded in 
the category of “blind or low vision” for data analysis. 

The visual acuity outcome was divided into four categories 
of functional response: normal, greater than or equal to 1.6 
cycles per degree’; below normal, 0.8 to less than 1.6 cycles 
per degree; poor, less than 0.8 cycle per degree but measur- 
able with one of the standard acuity cards (not the “low vision” 
card); and blind or low vision. The blind or low vision category 
included the following: (1) eyes judged by the visual acuity 
tester to have no light perception, light perception only, or 
resolution of the “low vision” card only; (2) eyes for which the 
tester was unable to estimate acuity, which were judged by 
the physician to have total retinal detachment; and (3) eyes of 
infants who were exempted from acuity testing by the three 
criteria listed previously. These functional outcome catego- 
ries of acuity results were further grouped into “favorable” 
and “unfavorable” designations. The favorable grouping in- 
cluded eyes in the normal and below normal categories. The 
unfavorable grouping included eyes in the poor and blind or 
low-vision categories, which would be expected to have a poor 
long-term prognosis for visual function. 


Statistical Analysis 


The study population included patients with bilateral 
threshold disease, in whom both eyes developed threshold 
ROP at the same time and one eye was randomized to cryo- 
therapy; and patients with asymmetric disease, in whom only 
one eye had reached the criteria for threshold at the time of 
randomization. This eye was randomized to receive cryother- 
apy or no cryotherapy. A combined statistical analysis of the 
paired-sample data from infants with bilateral threshold dis- 
ease and the independent-sample data from infants with 
asymmetric disease was performed using a Mantel-Haenszel 
test. ™™” 


RESULTS 


Two hundred forty-six of the original cohort of 291 
infants who underwent the randomization procedure 
returned for the 12-month follow-up examination. As 
previously reported, the mean birth weight (+ SD) of 
these 291 infants was 800 + 165 g and mean gestational 
age was 26.3 + 1.8 weeks.’ Four fifths (82.5%) had bilat- 
eral threshold disease at the time of randomization. Of 
the 246 infants who returned for follow-up, 226 (91.9%) 
underwent fundus photography, and 178 (72.4%) were 
tested with the Acuity Card Procedure. Thirty-one 
(10.7%) of the original cohort had died before the 1-year 
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Table 1.—Photographic Posterior Pole Outcome at 12 Months 
After Randomization 


Treated Eye Control Eye 
—— EO Ch 
% % 
No. of Unfavor- No.of Unfavor- 
Eyes able Eyes able 
Symmetric 
cases 25.9 176* 47.7 
Asymmetric 
cases 23.8 18 44.4 1.9 .18 
Total 25.7 194 47.4 26.4 <.0001 


*Less than 185 due to the inability to grade photos. 

tBased on discordant pairs (38 with treated eye favorable and control eye un- 
favorable; five with control eye favorable and treated eye unfavorable. 

Less than 23 due to the inability to grade photos. 


25.3f <.0001 


Table 2.—Photographic Posterior Pole Outcome at 12 Months 
After Randomization * 


No. of Eyes (%)t 
P 
Treated Eye Control Eye 
Outcomet (n = 208) (n = 203) 
Unfavorable 


Total RD or total RLM 
Partial RD, suspect RD, or partial 
RLM (and unable to grade for 
retina fold) 7 (3.7) 14 (7.2) 
Macular fold and/or any 
moderate-to-severe posterior fold 
and/or minimal nasal fold 7 (3.7) 14 (7.2) 
Favorable 
Miscellaneous abnormalities+ 


Normal eye 


35 (18.3) 64 (33.0) 


45 (23.6) 36 (18.6) 
97 (50.8) 66 (34.0) 


* Ocular outcomes from 226 infants. One hundred eighty-five infants are bilat- 
eral threshold cases, 23 infants are asymmetric cases randomized to treatment, 
and 18 infants are asymmetric cases randomized to control. RD indicates retinal 
detachment, and RLM, retrolental mass. 

tPercentages calculated after excluding ‘‘unable to grade” category. 

Minimal posterior temporal fold without macular involvement and/or macular 
ectopia and/or retinal pigment epithelial scarring under center of macula. In 17 
treated eyes and nine control eyes the outcome was unable to be graded. 





examination, and 14 (4.8%) were unavailable for follow- 
up for this examination but are being recruited for 
subsequent examinations. 

The 12-month structural outcome results based on 
fundus photography are presented in Table 1. Eyes 
randomized to treatment showed an overall reduction 
of 45.8% in the unfavorable outcome rate at 12 months 
compared with control eyes. A more detailed break- 
down of the structural outcome results is shown in 
Table 2, which is arranged in order of decreasing sever- 
ity for those measures that defined favorable or unfa- 
vorable outcome. The most severe finding observed in 
an eye determined its placement in the Table. Although 
other less severe findings may have been observed in 
the same eye, each eye appears in only one category. 
The findings reported are essentially confined to zone 1, 
as the fundus photographs included only the posterior 
fundus. Therefore, findings such as peripheral retinal 
detachments and peripheral folds are not included here. 

The results of the fundus examinations are listed in 
Table 3. These results from the unmasked examining 
ophthalmologists confirm the beneficial effects of cryo- 
therapy that were revealed by the masked scoring of 
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Table 3.—Physician’s Assessment of Structural Outcome at 
12 Months After Randomization 


Treated Eye Control Eye 
% % 
No. of Unfavor- No. of Unfavor- 
Eyes able Eyes able 


Symmetric 


cases i 182* 45.1 32.8t <.0001 


Asymmetric 
cases 17$ 41.2 1.0 .32 
Total 199 44.7 31.8 <.0001 


*Less than 184 due to the inability to classify. 

tBased on discordant pairs (41 with treated eye favorable and contro! eye un- 
favorable; three with control eye favorable and treated eye unfavorable. 

Less than 18 due to the inability to classify. 


Table 4.—Grating Acuity Outcome at 12 Months After 
Randomization 


Control Eye 
Os 
% % 
No. of Unfavor- No.of Unfavor- 
Eyes able Eyes able x? 


Treated Eye 


Symmetric 
cases à 58.9 


27.5t <.0001 


Asymmetric 
cases 17 35.3 0.02 .90 


Total 158 56.3 22.9 <.0001 


*Less than 145 due to untestable eyes. 
tBased on discordant pairs (38 with treated eye favorable and control eye un- 
favorable; four with control eye favorable and treated eye unfavorable. 


the posterior pole photographs shown in Table 1. 

The functional outcomes as assessed by measure- 
ment of grating acuity at 12 months after cryotherapy 
are listed in Table 4. Unfavorable outcomes were ob- 
served in 35.0% of treated eyes compared with 56.3% of 
eyes that did not receive cryotherapy (y’=22.9; 
P<.0001). There is a clear benefit to visual function 
from cryotherapy for eyes that reached threshold ROP. 

Table 5 shows acuity card results for the treated eyes 
and the control eyes of bilateral threshold and asym- 
metric cases combined. Acuity in the normal range was 
observed in 60.0% of the treated eyes, but in only 41.1% 
of the control eyes. In contrast, 50.6% of the control 
eyes were categorized as being blind or having low 
vision, whereas only 31.9% of the treated eyes showed 
acuity results in the blind or low-vision category. 

No acuity data are presented for 68 patients. Twen- 
ty-nine (43%) of these patients had either uncorrected 
refractive errors greater than the criteria defined 
above er amblyopia that had not been treated for at 
least 4 weeks at the time of testing. Twenty-eight (41%) 
did not come in for the acuity test, and four (6%) came 
for an eye examination when no acuity tester was pre- 
sent. Data from seven children were excluded, four of 
whom could be tested only binocularly, and three whose 
parents told the tester which eye had received 
eryotherapy. 

Tables 6 and 7 show demographic and disease-related 
characteristics in relation to incidence of unfavorable 
outcome in the infants with bilateral threshold ROP. As 
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Table 5.—Grating Acuity Outcome at 12 Months After 
Randomization * , 


No. (%) of Eyest 
m^ 
Treated Eye Control Eye 


Outcomet (n = 161) (n = 162) 


Unfavorable 
Blind or low vision 51 (31.9) 
Poor 5 (3.1) 

Favorable 
Below normal 
Normal acuity 


80 (50.6) 
9 (5.7) 


8 (5.0) 4 (2.5) 
96 (60.0) 65 (41.1) 


* Grating acuity outcomes from 178 infants. One hundred forty-five infants are 
bilateral threshold cases, 16 infants are asymmetric cases randomized to treat- 
ment, and 17 infants are asymmetric cases randomized to control. 

+Percentages were calculated after excluding ‘‘untestable’’ category. 

țin one treated eye and four control eyes outcome was untestable. 


Table 6.—Photographic Outcome for Bilateral Threshold 
Infants by Baseline Characteristics * 


Discordant Pairs, 
Control No. 
Se 
T (F) T (UF) 
C (UF) C (F) 


Treated 


170 (25.9) 176 (47.7) 


73 (32.9) 
78 (20.5) 
19 (21.1) 


72 (52.8) 
81 (44.4) 
23 (43.5) 


79 (26.6) 
91 (25.3) 


83 (47.0) 
93 (48.4) 


119 (25.2) 
31 (25.8) 
20 (30.0) 


124 (47.6) 
30 (43.3) 
22 (54.5) 


Born in study hospital 
Inborn 111 (26.1) 


Outborn 59 (25.4) 


Multiple birth 
Single 134 (27.6) 


116 (44.0) 
60 (55.0) 


138 (47.8) 
38 (47.4) 





36 (19.4) 


Disease zone 
Zone 1 both 
eyes 12 (75.0) 
Zone 2 only 
both eyes 
No. of stage 3 
sectors (both eyes) 
5-7 sectors 
8-10 sectors 


11-12 sectors 


12 (91.7) 


154 (22.1) 159 (44.0) 


26 (19.2) 
39 (17.9) 45 (37.8) 
43 (32.6) 43 (60.5) 

* Includes only those eyes for which the Reading Center was able to grade pho- 
tographs. UF indicates unfavorable; T (F) C (UF), treated with favorable outcome 


and control unfavorable: and, T (UF) C (F), treated unfavorable and control favor- 
able. 


25 (44.0) 


in the report of the 3-month outcome assessment,’ pho- 
tographic assessment shows an increased incidence of 
unfavorable outcome in lower birth-weight infants. 
However, the difference between treated and control 
eyes remains significant within each birth weight cate- 
gory. Zone 2 disease results in fewer unfavorable out- 
comes in both the treated and control eyes when com- 
pared with zone 1 disease (P<.0001). The 
circumferential extent of stage 3 ROP was documented 
on each examination in terms of the number of 30- 
degree clock-hour sectors involved, and a minimum of 
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Table 7.—Grating Acuity Outcome for Bilateral Threshold 
Infants by Baseline Characteristics * 


Discordant Pairs, 
Control No. 
m, 
T (F) T (UF) 
C (UF) C (F) 


Treated 


144 34.7 141 58.9 
Birth weight, g 

<750 

750-999 


1000-1250 


Born in study hospital 
Inborn 
Outborn 


Multiple birth 
Single 


Disease zone 
Zone 1 both eyes 
Zone 2 only both 124 
eyes 
No. of stage 3 
sectors (both eyes) 
5-7 sectors ir 
8-10 sectors 
11-12 sectors 44 
* Includes only those eyes for which the visual acuity was testable. UF indicates 
unfavorable; T (F) C (UF), treated with favorable outcome and control unfavorable; 
and T (UF) C (F), treated unfavorable and control favorable. 





five sectors of stage 3 ROP was required for randomiza- 
tion. To examine the effect of the extent of stage 3 
involvement on the extent of unfavorable outcome in 
randomized infants, the extent of stage 3 ROP involve- 
ment was divided into three groups: five to seven, eight 
to 10, and 11 to 12 sectors. As shown in Tables 6 and 7, a 
greater extent of stage 3 involvement was related to a 
higher incidence of unfavorable outcome (P<.001), 
with or without cryotherapy. However, cryotherapy 
decreased the incidence of unfavorable outcome, re- 
gardless of whether five to seven, eight to 10, or 11 to 12 
sectors of stage 3 disease were present. 

Comparison of the 12-month photographic outcome 
data for eyes that received cryotherapy with the earlier 
3-month data’ indicates that structural outcome was 
reclassified from favorable to unfavorable in five eyes, 
and from unfavorable to favorable in five eyes. Among 
the control eyes, three were reclassified from favorable 
to unfavorable and four were reclassified from unfavor- 
able to favorable. Therefore, there is no evidence that 
eyes that received cryotherapy were more likely than 
control eyes to show a change in retinal status between 
3 and 12 months after randomization. 

Table 8 shows the incidence of abnormal ocular find- 
ings observed by the examining ophthalmologist at the 
1-year examination. These data are presented for in- 
fants with bilateral threshold ROP, in whom one eye 
was treated and the other eye served as a control. The 
ocular findings are ranked in descending order of signif- 
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_ Table 8.—Summary of Ocular Findings Observed by Examining Physician at 12 Months In Randomized Infants With 
Bilateral Threshold Retinopathy of Prematurity (ROP) | 






% Present* Unable to Assess or Uncertain 

















Sample rs Discordant 
Variables Size Treated Eye Control Eye Treated Eye Control Eye Pairst Pt 
Extensive vitreous haziness 197 1.6 4.1 6.6 14.2 6/0 .031 






Optic nerve atrophy 198 3.6 8.8 16.2 30.8 6/0 .031 
Abnormal fixation behavior 179 36.1 57.7 5.6 6.1 41/4 <.0001 



















Preretinal membranes 198 24.4 41.7 15.2 23.7 29/3 <.0001 
Abnormal pupillary light reaction 196 30.7 43.8 8.7 9.2 25/3 <.0001 
Latticelike retina degeneration 198 2.4 7.9 16.7 29.8 8/1 .039 
Abnormal ability to track movement 179 30.6 54.7 5.0 5.0 46/6 <.0001 
Synechiae 191 7.9 19.4 0.0 0.0 26/4 <.0001 
Lack of normal behavioral response 

to light 179 22.9 39.2 5.0 4.5 32/5 <.0001 
Extensive vitreous 

membranes / organization 181 8.3 18.8 0.0 0.0 23/4 .0003 
Corneal opacification 196 3.1 7.2 0.0 0.5 10/2 .039 
Retrolental membrane 198 11.7 25.8 5.1 10.1 33/8 .0001 
Abnormal red reflex 195 21.0 34.9 0.0 0.0 36/9 <.0001 
Total retinal detachment 194 14.1 26.5 1.5 2.6 32/8 .0002 
Macular heterotopia 198 29.8 39.4 15.2 30.8 25/7 .0021 
Retinal fold 198 13.9 25:7 12.6 25.3 21/6 .0059 
Any retinal detachment 194 24.1 38.1 1.5 2.6 38/11 .0001 







Shallow anterior chamber 





Extensive vitreous hemorrhage 













Glaucoma 195 0.0 1.5 0.0 0.0 3/0 .25 
Macular hole or break 198 1.8 4.2 14.6 27.3 5/1 .22 
Epibulbar injection 196 2.6 3.6 0.0 0.5 3/1 .63 
Iris atrophy 194 4.1 5.7 0.0 0.0 5/2 .45 
Retinal breaks/tears (periphery) 198 3.6 4.3 16.7 28.8 5/2 45 
Retinal exudate 198 1.2 2.8 15.7 27.8 2/1 1.0 

Epiphora/ discharge 197 0.5 1.0 1.0 1.0 2/1 1.0 

Pigmentary disturbance of macula 198 19.0 25.2 15.2 29.8 18/10 18 
Hypotony 196 4.1 5.6 0.0 0.0 8/5 .58 
Peripheral pigmentary disturbance 198 39.2 39.7 16.2 28.8 23/19 64 
Tortuosity of vessels in zone 1 198 3.5 1.5 14.1 31.3 0/1 1.0 





* Percentages were of those we were able to determine. 
tCondition absent or normal in treated eye but not in the control eye/ condition present or abnormal in treated eye but not in control eye. 
P values are computed using binomial probability distribution. 


icance based on the magnitude of the discordant pair 
ratio. The last column in the Table gives the significance 
based on discordant pairs. The Table is divided into two 
subgroups by the double horizontal line. The subgroup 
above the line presents the variables for which there 
was a significantly higher incidence of adverse findings 
in the control eye than in the treated eye (P<.05) at the 
12-month examination. The subgroup below the line 
presents those variables in which there was no signifi- 
cant difference between treated and control eyes at the 
12-month examination. The data presented in Table 8 
are similar to those reported for the 3-month examina- 
tion,’ and indicate that the incidence of abnormal ocular 
findings is consistently lower in eyes that received 
cryotherapy than in control eyes. Even though many of 
the variables tabulated are nonretinal, cryotherapy 
presumably exerted at least an indirect effect on these 
outcome measures. 

Table 8 also reports information about visual function 
as assessed by the examining physician. This is shown 
under the variables of abnormal fixation behavior, ab- 
normal ability to track movement, and lack of normally 
changed behavior to light. For all three variables, the 
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incidence of poor outcome was greater for the control 
than for the treated eyes (P<.0001). This is in agree- 
ment with the results obtained by the masked acuity 
testers, as presented in Tables 4 and 5. 

Refractive errors for eyes treated with cryotherapy 


and for control eyes at the 12-month examination are * 


presented in Table 9. Two features deserve emphasis. 
First, the number and percentage of eyes that could not 
be evaluated through retinoscopy was higher in the 
control group, primarily due to a poor outcome. Only 
three of the 42 eyes that could not be refracted in the 
treated group and two of the 73 eyes that could not be 
refracted in the control group had favorable outcomes; 
others were unfavorable. Second, of the eyes that could 
be refracted, those that received cryotherapy had myo- 
pia greater than or equal to 6.00 D more often than 
control eyes. Hyperopia greater than or equal to 2.00 D 
was found in 8.9% of eyes that received cryotherapy 
and in 6.4% of the control eyes. 


COMMENT 


The results of examinations at 12 months following 
randomization indicate that cryotherapy is beneficial to 
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Table 9.—Refractive Error at 12 Months After Randomization 


Treated Eye, Control Eye, 
Spherical equivalent No. (%) No. (%) 


Hyperopia >6.00 D 7 (3.1) 9 (4.1) 
Hyperopia >2.00 D to <6.00 13 (5.8) 5 (2.3) 
Myopia <2.00 D to hyperopia <2.00 37 (16.4) 36 (16.4) 


Myopia =>2.00 D to <6.00 D 51 (22.7) 47 (21.4) 
Myopia =6.00 D 75 (33.3) 50 (22.7) 


Unable to refract * 42 (18.7) 73 (33.2) 
Total 225 (100) 220 (100) 


* All but three of the 42 eyes and two of the 73 control eyes had unfavorable 
outcomes. 


eyes with threshold ROP. The favorable effect of cryo- 
therapy was evident both in structural evaluations 
based on fundus photographs graded by a masked ob- 
server’ and in functional evaluations using grating acu- 
ity measured by a tester masked to treatment status of 
the eye.” A decrease of 45.8% was observed in unfavor- 
able structural outcomes based on fundus photographs 
after randomization in the treated vs control eyes, with 
a 95% confidence interval of 32% to 57%. Similarly, a 
decrease of 37.8% was seen in the incidence of unfavor- 
able functional outcomes based on grating acuity with a 
95% confidence interval of 24% to 49%. Confirmatory 
evaluations of structural and functional outcomes were 
provided by the unmasked observations of the examin- 
ing ophthalmologists at the time of the 12-month exami- 
nation (Tables 3 and 8). These results obtained 12 
months after randomization confirm and extend the 
outcome results obtained 3 months after randomiza- 
tion,’ and provide encouragement in that the benefit 
from cryotherapy endures for at least 12 months. 

Comparison between the results of the 3- and 12- 
month examinations shows no significant net shift to- 
ward favorable or unfavorable among either treated or 
control eyes. Overall, 3.8% of the gradable outcome 
photographs that showed a favorable outcome at 3 
months were classified as unfavorable at 12 months, 
while 7.1% of those that were unfavorable at 3 months 
were classified as favorable at 12 months. The 12-month 
results are thus consistent with those at 3 months after 
randomization, and suggest that the benefits of cryo- 
therapy may be long-lasting. 

Although the structural outcome measure (photo- 
graphic evaluation of the posterior pole) depends solely 
on the status of the retina, the functional outcome 
measure (grating acuity) clearly does not. Visual acuity 
in these infants could be affected by factors other than 
ROP, and in particular, by neurologic damage. Very- 
low-birth-weight infants are susceptible to intracranial 
hemorrhage in the first weeks of extrauterine life. Fur- 
thermore, frequent episodes of apnea and bradycardia 
raise the possibility of hypoxic brain damage. Howev- 
er, these problems would presumably affect both eyes 
equally in a population of such infants, and the compari- 
son of one eye with the fellow eye should remain valid. 
By the same token, the ocular examination findings by 
the ophthalmologists (Table 8) would potentially reveal 
abnormalities that might be either unrelated or only 
indirectly related to ROP, yet these abnormalities 
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would be expected to be distributed equally between 
treated and control eyes, unless cryotherapy had some 
effect. 

Therapeutic implications of using cryotherapy in in- 
fants with threshold ROP described in the 3-month 
outcome report are not changed by the findings ob- 
served at the 12-month examination. Cryotherapy is 
indicated for at least one eye in any infant with bilateral 
threshold ROP, regardless of birth weight, whether 
the ROP isin zone 1 or zone 2, and the number of sectors 
of stage 3 ROP above the threshold criteria. Further- 
more, zone 1 disease continues to carry a high risk of 
adverse outcome with or without cryotherapy. This 
high likelihood of unfavorable outcome was observed in 
both structural (Table 6) and functional (Table 7) as- 
sessments. For infants with bilateral threshold ROP in 
zone 1, the near certainty of an unfavorable outcome 
without cryotherapy supports the recommendation’ for 
cryotherapy of both eyes in these infants. The necessity 
of treating the second eye of infants with ROP in zone 2 
has not been firmly established and will require further 
evaluation of the long-term structural sequelae and 
functional status of eyes with zone 2 disease that re- 
ceived cryotherapy, compared with similar eyes that 
did not. 

While the photographic outcome and physician’s as- 
sessment results for infants with symmetric and asym- 
metric disease appear quite similar in Tables 1 and 3, 
benefit of cryotherapy in infants with asymmetric 
threshold ROP is not readily apparent in the grating 
acuity results shown in Table 4. The apparent contra- 
diction among these outcome measures for infants with 
asymmetric disease must be viewed cautiously. Infants 
with asymmetric disease had fewer sectors of stage 3 
ROP and less zone 1 disease prior to randomization than 
did infants with bilateral threshold ROP.’ This differ- 
ence is further compounded by the lack of grating acuity 
data in several of the treated eyes in the asymmetric 
group. After these variables were accounted for, there 
were no statistically significant differences between 
structural and functional outcomes in infants with 
asymmetric and with bilateral threshold disease. Thus, 
the effect of cryotherapy in eyes with asymmetric 
threshold disease is similar to the effect of cryotherapy 
in bilateral threshold cases of the same severity of ROP. 

Preliminary analysis of refractive error findings sug- 
gested that there was more high myopia in eyes that 
received cryotherapy than in control eyes. However, 
this is probably because comparable control eyes could 
not be refracted. The control group contained a higher 
incidence of media opacification and other structural 
anomalies that tend to disrupt the optical properties of 
the eye, such as vitreous haze, preretinal membranes, 
synechiae, vitreous membranes/organization, corneal 
opacification, retrolental membrane formation, abnor- 
mal red reflex, retinal detachment, retinal fold, and 
vitreous hemorrhage (Table 8). 

Incorporation of the findings of this trial into the 
standard care of infants in neonatal intensive care units 
has limitations. These limitations are related to the 
process of generalizing from a controlled clinical trial 
into routine clinical practice. Infants who received 
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cryotherapy in the CRYO-ROP trial had threshold 
ROP recognized by ophthalmologists who had under- 
gone specific training to diagnose disease of this sever- 
ity. Administration of cryotherapy to these infants was 
also conducted according to a specified protocol. Infants 
in intensive care units where threshold ROP is diag- 
nosed and treated without strict adherence to study 
protocol may have outcomes at variance with this trial. 
However, the reduction in adverse outcome in eyes 
that received cryotherapy for threshold ROP is so con- 
vincing that it is likely that use of cryotherapy for 
threshold disease in the general population of infants 
with birth weights less than 1251 g will show a similar 
benefit. 

Other important clinical questions remain for physi- 
cians caring for infants with ROP. What is the proper 
management of the infant patient with threshold ROP 
whose birth weight is greater than 1250 g? Should 
cryotherapy be administered to some infants with ROP 
of near-threshold severity? Since approximately one 
fourth of infants with threshold ROP who underwent 
cryotherapy still developed an unfavorable outcome, 
are there ways to identify these individuals for earlier 
or alternative treatments? Conversely, 52.6% of the 
control eyes had a favorable outcome (derived from 
Table 1). Can we identify eyes likely to have a favorable 
outcome without treatment, thereby eliminating the 
need for surgical intervention? The response to the 
above questions hinges largely on the risk-benefit ratio 
of cryotherapy over the long term. There have been 
reports of a higher-than-expected incidence of retinal 
detachment in the second decade of life in children with 
scarring related to ROP.”” If the incidence of late 
retinal detachment is even greater in children who 
received cryotherapy, this will require a reevaluation 
of the criteria for cryotherapy in ROP. 

Although the results of the primary outcome mea- 
sures of structure and function were confirmed by the 
clinical observations of the examining ophthalmolo- 
gists, the implications for clinical care of the infant with 
ROP are so far-reaching that the limitations of the 
outcome measures used must be examined. The photo- 
graphic structural outcome measure, which focused 
primarily on the posterior pole, could not take into 
account peripheral abnormalities that may produce se- 
rious long-term ocular morbidity. Furthermore, some 
evidence for imprecision in the photographic grading 
system may exist in the current data, in that structural 
outcome in treated eyes changed from favorable to 
unfavorable in five eyes, and from unfavorable to favor- 
able in five, between the 3- and 12-month examinations. 
On review, most of these cases were very close to the 
dividing line between favorable and unfavorable out- 
comes. However, considering the number of eyes eval- 
uated, and the inherent imprecision of evaluating an 
eye by any single method used in isolation, the photo- 
graphic grading system shows a gratifying level of 
consistency. 

The measure selected for the evaluation of visual 
function at the 12-month examination was the Teller 
acuity card procedure. This procedure has the advan- 
tage that it allows quantitative evaluation of acuity in 
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infants and young children. However, because it pro- 
vides a measure of resolution (grating) acuity, caution 
should be used in equating the results to recognition 
acuity as measured by Snellen optotypes. Further- 
more, acuity is only one aspect of visual function that 
might be influenced by cryotherapy. Ablation of the 
peripheral retina using cryotherapy may reduce the 
extent of the visual field. Although visual fields have 
not yet been evaluated in this trial, a pilot study of 10 
infants showed no effect of cryotherapy on visual fields 
assessed by kinetic perimetry.” Visual field measure- 
ments are planned as part of the extended follow-up of 
infants in the CRYO-ROP trial. 

In conclusion, the structural and functional assess- 
ments of 1-year-old children reported here confirm the 
benefit of cryotherapy in reducing ocular morbidity in 
infants with threshold ROP. Detailed guidelines for 
using cryotherapy in the second eye of zone 2 cases 
would have to be inappropriately conjectural in this 
report of research results. There remains the possibili- 
ty that long-term follow-up information will influence 
the proper selection of such cases for bilateral cryother- 
apy. In the meantime, the clinician must use careful 
judgment in evaluating the overall clinical setting in 
such cases. Long-term follow-up is under way to assess 
whether the early favorable structural and functional 
results reported here will persist and will be reflected in 
the traditional measures of visual function typically 
assessed in older children. 
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Mae III Positively Detects the Mitochondrial Mutation 


Associated With Type I Leber’s Hereditary Optic Neuropathy 


Edwin M. Stone, MD, PhD; Jeffrey M. Coppinger; Randy H. Kardon, MD, PhD: John Donelson, PhD 


e Leber’s hereditary optic neuropathy 
is a blinding disease that usually causes 
acute or subacute central visual loss in 
adolescent and young adult males. In 
patients who lack a family history of a 
similar illness, Leber’s disease has been 
a diagnosis of exclusion. The recent dis- 
covery of a specific mitochondrial muta- 
tion in many pedigrees affected with the 
disease has provided the basis for rapid 
molecular diagnosis of one genetic type 
of Leber’s disease. We have developed a 
new method, based on a Mae Ill (Boeh- 
ringer Mannheim Biochemicals, India- 
napolis, Ind) restriction fragment length 
polymorphism, for detecting the Wallace- 
type Leber’s mutation. The method has 
several advantages over the previously 
used SfaN | method that make it more 
Suitable for use as a general laboratory 
test. We demonstrate the utility of this 
new test in the diagnosis of Leber’s dis- 
ease in a patient with no family history of 
visual loss. 


(Arch Ophthalmol. 1990;108:1417- 


+4420) 


eber’s hereditary optic neuropathy 

is an inherited disorder that typi- 
cally causes an acute, painless loss of 
central vision in adolescent males. 
The disease usually begins in one eye 
and then progresses to involve the 
second eye weeks or months after the 
initial event. Recovery is rare, and 
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most affected patients remain legally 
blind. 

Mutations that cause Leber’s dis- 
ease occur in mitochondrial DNA. ®™” 
All of a zygote’s viable mitochondria 
are contributed by the ovum; thus the 
disease is inherited in a non-Mende- 
lian, “maternal” fashion. The disease 
has an incomplete penetrance ranging 
from less than 10% (E.M.S., unpub- 
lished pedigree, March 1990) to over 
90%" in different families. In pedi- 
grees in which the disease has a low 
penetrance, the proband may be the 
only known affected family member. 
In such cases, the clinical diagnosis of 
Leber’s disease may be difficult, and 
patients may be misdiagnosed as hav- 
ing optic neuritis, or may be subjected 
to repeated neuroimaging or other 
costly studies. A reliable laboratory 
test for Leber’s disease would be help- 
ful in these patients. 





See also p 1405. 





Such a test became possible when 
Wallace and coworkers” identified a 
specific mitochondrial mutation associ- 
ated with Leber’s hereditary optic 
neuropathy in 9 of 11 unrelated pedi- 
grees. This mutation can be detected 
by digestion of mitochondrial DNA 
with the restriction enzyme SfaN 
1, which cleaves normal mito- 
chondrial DNA near position 11778, 
but fails to cleave it when the Wallace 
mutation is present. The clinical utility 
of this SfaN I assay is weakened by 
the fact that it is a “negative test” for 
the mutation. If the starting material 
for the assay is an amplified DNA 
fragment containing a single SfaN I 
site, “nondigestion” can also result 
from technical problems, such as pipet- 


ting errors, or inactive enzyme, giving 
rise to a false-positive result. In addi- 
tion, there are three possible silent 
mutations at position 11779 and anoth- 
er at position 11782, any one of which 
would destroy the SfaN I site without 
changing the amino acid sequence of 
the gene product. 

The purpose of this study was to 
develop a positive test for the Wallace 
mutation using an enzyme whose rec- 
ognition site is created by the Wallace 
mutation. Mae III (Boehringer Mann- 
heim Biochemicals, Indianapolis, Ind) 
is a restriction enzyme that digests 
mitochondrial DNA near position 
11778 only when the Wallace mutation 
is present. Using this enzyme in com- 
bination with streamlined procedures 
for DNA preparation and amplification 
makes it possible to make a reliable 
diagnosis of Wallace-type Leber’s dis- 
ease in less than 24 hours using less 
than 1 mL of the patient’s blood. The 
speed and ease of this test allows it to 
be used routinely to evaluate patients 
with optic neuropathy of unknown 
etiology. 


REPORT OF A CASE 


A 26-year-old white man first noticed a 
visual deficit in August 1989 when he had 
difficulty catching a softball. He did not 
seek medical attention until 1 month later 
when he incidentally covered his left eye 
and noticed a marked loss of central vision 
in the right eye. Examination by a local 
optometrist revealed a best corrected visual 
acuity of 20/400 OD and 20/40 OS with optic 
disc edema in the right eye. The patient 
was referred to a tertiary care center in 
which a computed tomographic scan of the 
head was performed; results were normal. 
Automated perimetry revealed dense cen- 
tral scotomata in both eyes. Visual evoked 
potentials were abnormal bilaterally. A ten- 
tative diagnosis of Leber’s hereditary optic 
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neuropathy was made. Two months later, 
the patient noticed a worsening of central 
vision in his left eye and sought a second 
opinion at our institution. There was no 
history of tick bite, fever, chills, weight 
loss, lymphadenopathy, or rash. Careful 
questioning failed to elicit a family history 
of optic neuropathy. The patient admitted 
drinking two beers each day for the past 7 
years, but denied smoking. His medical and 
surgical history was otherwise unremark- 
able. Ophthalmic examination revealed a 
best corrected visual acuity of counting 
fingers at 5 ft OD and 20/300 OS. A 0.5-log 
unit relative afferent pupillary defect was 
present in the right eye. Slit-lamp examina- 
tion revealed no abnormalities. Intraocular 
pressure was 14 mm Hg in each eye; extra- 
ocular motility was normal. Automated per- 
imetry revealed dense bilateral central sco- 
tomata primarily within the central 20 
degrees. Ophthalmoscopy revealed hyper- 
emic optic dises in both eyes with a cup-disc 
ratio of 0.3. Telangiectatic vessels were 
visible in both eyes but were most notable 
in the left eye. These abnormal vessels 
were readily seen in the early phase of the 
fluorescein angiogram and there was no 
leakage of dye from the vessels or the disc 
itself in the later phases. 

The history of sequential, bilateral visual 
loss, associated with the appearance of the 
optic discs and the visual field loss, sup- 
ported the clinical diagnosis of Leber’s he- 
reditary optic neuropathy. However, the 
absence of a family history of optic nerve 
disease made the diagnosis uncertain. We 
therefore analyzed the patient’s mitochon- 
drial DNA for evidence of the Wallace 
mutation. 


METHODS 


Blood samples were initially obtained 
from the patient and his mother, but after 
their test results were positive, samples 
were also obtained from the patients fa- 
ther, two brothers, wife, and two sisters-in- 
law. The individuals related only by mar- 
riage were included as controls. Informed 
consent for this testing was obtained from 
all patients. In each case, a 7-mL sample of 
blood was obtained in an ethylenediamine- 
tetraacetic acid (EDTA)-containing glass 
tube. A 250-L aliquot of each sample was 
mixed with an equal volume of a balanced 
salt solution (0.01% glucose, 5-umol/L calci- 
um chloride, 10-mmol/L magnesium chlor- 
ide, 550-umol/L potassium chloride, 14.5- 
mmol/L tromethamine [pH 7.6], and 125- 
mmol/L sodium chloride). This mixture was 
layered over 375 uL of 5.7% Ficoll-Paque™ 
(Pharmacia LKB Biotechnology Inc, Pis- 
cataway, NJ) in a 1.5-mL flip-top microcen- 
trifuge tube (Sarstedt, St Louis, Mo). This 
was centrifuged at 400g at 20°C for 
20 minutes. The plasma supernatant was 
aspirated and discarded. The layer of plate- 
lets and lymphocytes was removed with a 
Pasteur pipette and transferred to a new 
1.5-mL microcentrifuge tube. These cells 
were pelleted in a microcentrifuge for 3 
minutes at 12 000g. The supernatant was 
removed and discarded. One hundred mi- 
eroliters of polymerase chain reaction 
(PCR) buffer with nonionic detergents (50- 


mmol/L potassium chloride, 10 mmol/L tro- 
methamine hydrochloride [pH 8.3], 2.5- 
mmol/L magnesium chloride, 0.1% gelatin 
[Sigma Chemical Co, St Louis, Mo], 4.5% 
Nonidet P40 [Sigma], and 4.5% Tween 20 
[Fisher Scientific, Pittsburgh, Pa]) was 
added and the sample was boiled” in a 
water bath for 10 minutes and placed in an 
ice bath. Ten microliters of this boiled mix- 
ture were added to a 600-yL flip-top micro- 
centrifuge tube (Sarstedt) containing 90 pL 
of the polymerase chain reaction cocktail so 
that the final concentrations were 200- 
umol/L each deoxynucleotide triphosphate, 
1-umol/L each oligonucleotide primer, 10- 
mmol/L tromethamine hydrochloride (pH 
8.3), 50-mmol/L potassium chloride, 1.5- 
mmol/L magnesium chloride, 0.01% gelatin, 
and 2.5 units AmpliTaq DNA polymerase 
(Perkin Elmer Cetus, Emeryville, Calif). 
Primer sequences were 11891-11914 (heavy 
strand) 5’-CGTGGTTACTAGCACAGA- 
GAGTTC-3’ and 11010-10991 (light strand) 
5'-ATGGCAAGCCAACGCCACTT-3. The 
PCR cocktail, including the AmpliTaq poly- 
merase, was prepared, aliquoted, and fro- 
zen at —20°C for up to 6 weeks without 
noticeable loss of activity. Thirty cycles of 
PCR amplification (94°C denaturation for 1 
minute, 55°C annealing for 1 minute, and 
72°C extension for 2 minutes) were carried 
out using a DNA thermal cycler (Perkin 
Elmer Cetus). A 5-yL aliquot of the reac- 
tion product from each sample was electro- 
phoresed at 50 V for 30 minutes on a 1% 
agarose gel (International Biotechnologies 
Inc, New Haven, Conn) in 80-mmol/L tro- 
methamine phosphate (pH 8.0) and 2- 
mmol/L EDTA to check for an adequate 
quantity of the 924-base pair PCR product. 
Ten microliters of the PCR mixture from 
each patient was then digested with 1.5 U 
of SfaN I (New England Biolabs Inc, Bev- 
erly, Mass) at 37°C for 2 hours, and 15 pL 
of each PCR mixture was digested with 2.5 
U of Mae III at 55°C for 2 hours using 
buffer conditions recommended by the sup- 
pliers of the enzymes. All samples were 
then electrophoresed for 4 hours at 25 V in 
3% agarose gel in 80-mmol/L tromethamine 
phosphate (pH 8) and 2-mmol/L EDTA. 
Gels were stained with ethidium bromide (2 
mg/L) for 20 minutes, destained in water 
for 1 hour, transilluminated with an ultravi- 
olet light box (Fotodyne Inc, New Berlin, 
Wis) and photographed with Tri-X film 
(Eastman Kodak Co, Rochester, NY). 


RESULTS 


The figure gives the Mae III and 
SfaN I digestion patterns for the pro- 
band and seven of his family members. 
The pedigree drawing at the top of the 
figure is aligned with the gel lanes 
such that each individuals pedigree 
symbol is vertically aligned with the 
restriction digests that correspond to 
that individual. 

When the PCR amplification is per- 
formed with wild type (normal) tem- 
plate DNA, the resulting 924—base 
pair fragment contains a single Mae 
III restriction site. When digested 
with Mae III, this PCR product is cut 


1418 Arch Ophthaimol— Vol 108, October 1990 


into two fragments 662 and 262 nucleo- 
tides in length. If the PCR amplifica- 
tion is performed with template DNA 
that contains the Wallace mutation, an 
additional Mae III site exists in the 
924-base pair product, such that the 
262-base pair fragment is further cut 
into two pieces 124 and 138 base pairs 
in length. The top panel of the Figure 
shows that the proband’s father, his 
wife, and his brothers’ wives all have 
the wild type pattern (bands at 662 and 
262 base pairs), while the proband, his 
mother, and his brothers have the 
Wallace mutation (a band at 662 and an 
unresolvable doublet at about 130 base 
pairs). 

If the 924-base pair PCR product 
has the wild type sequence, SfaN I will 
digest it into two pieces, 799 and 125 
base pairs in length. The Wallace mu- 
tation destroys the SfaN I recognition 
site, and thus the 924-base pair start- 
ing fragment remains unchanged if in- 
cubated with SfaN I. The bottom panel 
of the Figure shows that the SfaN I 
digestion confirms the Mae III results. 
The proband’s father and his brothers’ 
wives all have the wild type pattern 
(bands at 799 and 125 base pairs), 
while the proband’s mother and broth- 
ers have the Wallace mutation demon- 
strated by the lack of digestion of the 
starting PCR product. 


COMMENT 


Leber’s hereditary optic neuropathy 
has a variable penetrance that in some 
pedigrees can be so low that the pro- 
band is the only individual known to be 
affected. ™® The cause of this incom- 
plete penetrance is obscure, but may 
result from the influence of nuclear 
genes,” a mixture of normal and 
abnormal mitochondria  (hetero- 
plasmy),* "7 dietary or environmental 
factors,” or a combination of these. 
Ophthalmoscopic signs such as peripa- 
pillary microangiopathy and large-ves- * 
sel tortuosity are helpful in such 
cases’***; in our experience, however, 
the diagnosis is not completely secure 
without a family history of a similar 
illness. 

The discovery by Wallace and co- 
workers” of a specific mitochondrial 
mutation associated with the condition 
in a number of pedigrees” provided 
the basis for the molecular diagnosis of 
one type of Leber’s disease. Since their 
reports, a number of other Leber'’s 
pedigrees have been tested at this 
locus and, in some, the Wallace muta- 
tion has not been found." It is likely 
that other Leber’s mutations will be 
identified in the mitochondrial DNA of 
these variant pedigrees in the near 
future, and thus we propose to refer to 
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Restriction digests of amplified mitochondrial DNA from the proband and seven of his relatives. 
Each lane contains DNA from the patient represented by the pedigree symbol directly over it. 
- Top, Presence of the 262-base pair Mae III fragment is normal, while the 138/124 doublet 
indicates the Wallace mutation is present. Bottom, Presence of the 799- and 125—base pair 
SfaN | fragments is normal, whereas absence of digestion suggests the presence of the Wallace 
mutation. The proband, his mother, and two brothers all carry the Wallace mutation, while all of 


their spouses are normal. 


the disease associated with the Wal- 
lace mutation as “type I” Leber’s he- 
reditary optic neuropathy. 

The Wallace mutation can be detect- 
ed by digesting an amplified segment 
of mitochondrial DNA with the restric- 
tion enzyme SfaN I." This enzyme 
fails to cleave the amplified DNA seg- 
ment when the Wallace mutation is 
present. However, this negative result 
could also be caused by (1) a silent 
mutation at position 11779 or 11782 
that destroys the SfaN I site without 


Arch Ophthalmol—Vol 108, October 1990 


altering the gene product, (2) an unde- 
tected contaminant in the PCR reac- 
tion mixture that inhibits the restric- 
tion enzyme, or (8) a technical error 
such as failure to add enzyme to the 
reaction mixture. 

These difficulties can all be over- 
come by using a restriction enzyme 
whose recognition sequence is created, 
not destroyed, by the Wallace muta- 
tion. A Mae III recognition site is 
created by the Wallace mutation, and 
thus Mae III digestion near position 


11778 is diagnostic of this mutation. 
None of the four possible silent muta- 
tions near position 11778 creates a Mae 
III site; therefore, unlike SfaN I, Mae 
III is capable of distinguishing be- 
tween the true Wallace mutation and 
the silent mutations. A Mae III recog- 
nition site also exists at position 11908 
of the mitochondrial DNA. Cleavage at 
this site is independent of the Wallace 
mutation and provides an internal con- 
trol for the presence and efficacy of the 
enzyme in every digest. A similar in- 
ternal control could also be provided 
for SfaN I digestion by using a start- 
ing PCR product that includes the 
nonpolymorphic SfaN I site at position 
12456 as described by Lott et al.” 

In practice, we use both SfaN I and 
Mae III for every patient so that the 
results using one enzyme confirm the 
results with the other. This not only 
minimizes the likelihood of a technical 
error causing an erroneous diagnosis, 
but also helps identify heteroplasmic 
individuals (whose platelets contain a 
mixture of normal and abnormal mito- 
chondrial DNA). Using either enzyme 
alone, it is sometimes difficult to dis- 
tinguish heteroplasmy from incomplete 
enzyme digestion. 

Before the discovery of the Wallace 
mutation, Leber’s disease was often a 
diagnosis of exclusion. Many patients 
were initially misdiagnosed as having 
optic neuritis and received a course of 
steroid therapy without benefit. In our 
experience, such treatment failure, 
coupled with anxiety over the diagno- 
sis, often resulted in trips to several 
tertiary care centers with repeated 
imaging studies and laboratory tests at 
each center. Identification of the Wal- 
lace mutation in the mitochondrial 
DNA of a patient with the clinical 
features of Leber’s disease makes this 
diagnosis very likely. However, we 
believe that even when this mutation 
can be demonstrated, neuroimaging 
should be performed at least once to 
rule out other causes of optic neuropa- 
thy that might occur in a patient with a 
coincidental Leber’s mutation. The 
presence of the Wallace mutation cou- 
pled with clinical features of Leber’s 
disease and negative neuroimaging al- 
lows one to make the diagnosis of 
Leber’s hereditary optic neuropathy 
even in the absence of a family history 
of a similar illness. This obviates the 
need for additional consultations at 
other centers and should decrease the 
number of expensive imaging studies 
and other tests performed on each 
patient with this condition. 

Molecular diagnosis of Leber’s dis- 
ease should also prove to be of great 
benefit in expanding our understand- 
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ing of the clinical spectrum of this 
disease. In the family discussed here- 
in, as well as others that have been 
studied,” only a single individual has 
optic neuropathy even though a num- 
ber of family members have the Wal- 
lace mutation in their mitochondrial 
DNA. In the past, investigators would 
have been concerned about including 
such a family in a review of cases of 
Leber’s hereditary optic neuropathy. 
Therefore, current understanding of 
the disease may be biased toward fea- 
tures found in pedigrees with a fairly 
high penetrance of the optic neuropa- 
thy. It may be that certain other puz- 
zling optic neuropathies are in fact 
atypical expressions of the Wallace 
mutation or another mitochondrial 
mutation. 

Studies of families such as the one 
presented here, in which only one of 


1. Van Senus AHC. Leber’s disease in the Neth- 
erlands. Doc Ophthalmol. 1963;17:1-161. 

2. Smith JL, Hoyt WF, Susac JO. Ocular fundus 
in acute Leber optic neuropathy. Arch Ophthal- 
mol. 1973;90:349-354. 

3. Nikoskelainen E, Sogg RL, Rosenthal AR, 
Friberg TR, Dorfman LJ. The early phase in 
Leber’s hereditary optic atrophy. Arch Ophthal- 
mol. 1977;95:969-978. 

4. Nikoskelainen E, Hoyt WF, Nummelin K. 
Ophthalmoscopic findings in Leber’s hereditary op- 
tic neuropathy, I: fundus findings in asymptomatic 
family members. Arch Ophthalmol. 1982;100:1597- 
1602. 

5. Nikoskelainen E, Hoyt WF, Nummelin K. 
Ophthalmoscopic findings in Leber’s hereditary op- 
tic neuropathy, II: the fundus findings in the affect- 
ed family members. Arch Ophthalmol. 1983;101: 
1059-1068. 

6. Nikoskelainen E. New aspects of the genetic, 
etiologic, and clinical puzzle of Leber’s disease. 
Neurology. 1984;34:1482-1484. 

7. Seedorff T. The inheritance of Leber’s dis- 
ease. Acta Ophthalmol. 1985;63:135-145. 

8. Nikoskelainen EK, Savontaus ML, Wanne 
OP, Katila MJ, Nummelin KU. Leber’s hereditary 
optic neuroretinopathy: a maternally inherited dis- 
ease. Arch Ophthalmol. 1987;105:665-671. 

9. Berninger TA, Bird AC, Arden GB. Leber’'s 
hereditary optic atrophy. Ophthalmic Paediatr 
Genet. 1989;10:211-227. 

10. Wallace CW, Singh G, Lott MT, et al. Mito- 
chondrial DNA mutation associated with Leber's 


AJDC 


Diagnosis, Incidence, and Prevention of Congenital Toxoplasmosis 


the members who carry the mutation 
actually expresses the disease, may 
reveal additional factors that are nec- 
essary for development of optic neu- 
ropathy. If the additional factor or 
factors can be manipulated by chang- 
ing the patient’s diet or behavior, or by 
administering drugs or vitamins,” 
the blinding sequelae of this disease 
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several weeks or months during which 
such therapy could be instituted to 
prevent loss in the second eye. Similar- 
ly, accurate molecular diagnosis at the 
time the first family member is af- 
fected would allow such therapy to be 
given to asymptomatic family mem- 
bers at risk for the disease. 
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Echographic Features of the 
Vogt-Koyanagi-Harada Syndrome 


David J. Forster, MD; Miriam R. Cano, MD; Ronald L. Green, MD; N arsing A. Rao, MD 


e Vogt-Koyanagi-Harada (VKH) syn- 
drome represents a spectrum of bilateral 
panuveitis with associated central ner- 
vous system and dermatologic manifes- 
tations. The diagnosis is based on clini- 
cal and angiographic findings, but some 
of the characteristic features may be 
either absent or difficult to visualize in 
the presence of opaque media. With the 
use of standardized echography (stan- 
dardized A-scan and contact B-scan 
echography), we examined nine patients 
with clear media and clinical evidence of 
VKH syndrome. Consistent echographic 
findings included (1) diffuse, low to medi- 
um reflective thickening of the choroid 
posteriorly; (2) serous retinal detach- 
ment, located inferiorly or in the posteri- 
or pole; (3) mild vitreous opacities with 
no posterior vitreous detachment; and 
(4) thickening of the sclera and/or epis- 
clera posteriorly. Resolution of these 
findings occurred with systemic cortico- 
Steroid therapy. Standardized echo- 
graphy should be considered an impor- 
tant diagnostic tool in VKH syndrome, 
especially when visualization of the fun- 
dus is poor or when clinical presentation 
is atypical. 

(Arch Ophthalmol. 
1426) 
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V ogt-Koyanagi-Harada (VKH) syn- 

drome consists of bilateral panu- 
veitis, usually associated with central 
nervous system and cutaneous find- 
ings, such as meningism, headache, 
hearing loss, tinnitus, vitiligo, alope- 
cia, and poliosis.‘** While the ophthal- 
mologic findings are relatively con- 
stant (anterior and posterior uveitis, 
serous detachment of the retina, disc 
hyperemia, retinal pigment epithelial 
changes, and sunset glow fundus), the 
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extraocular manifestations are less so, 
and their presence varies depending on 
the population studied.“ In such atypi- 
cal cases, as well as in typical cases of 
VKH syndrome, fluorescein angiogra- 
phy often shows characteristic findings 
that are helpful in making the diagno- 
sis of this syndrome in the early 
stages. However, in the presence of 
opaque media (cataracts, synechiae, or 
dense vitritis), the typical angiograph- 
ic features, as well as fundus findings, 
may not be evident. 

With the use of standardized echo- 
graphy, we examined nine consecutive 
patients with VKH syndrome to deter- 
mine whether there were consistent, 
similar echographic features that 
would be helpful in making the diagno- 
sis. Follow-up examination was also 
performed in seven of these patients to 
echographically document their re- 
sponse to corticosteroid therapy. 


PATIENTS AND METHODS 


The patients included in this series were 
seen on the Uveitis Service at either the 
Doheny Eye Institute or the Eye Clinic at 
the Los Angeles County/University of 
Southern California Medical Center. After 
a history was obtained and ocular examina- 
tion was performed, a diagnosis of VKH 
syndrome was made based on the definition 
formulated by the American Uveitis Soci- 
ety (Second Annual Meeting, Kansas City, 
Mo, 1978). This included the presence of at 
least three of the following findings in pa- 
tients with no history of previous ocular 
trauma or surgery: (1) bilateral iridocyclitis; 
(2) posterior uveitis, including serous reti- 
nal detachment or sunset glow fundus; 
(3) central nervous system manifestations 
(headache, tinnitus/dysacusis, meningism, 
and cranial nerve involvement) or cerebro- 
spinal fluid pleocytosis; and (4) cutaneous 
manifestations (alopecia, vitiligo, and polio- 
sis). In all patients in this series, adequate 
visualization of the fundus was obtained 
despite the presence of vitreous cells and/or 
opacities. 

All patients were examined with stan- 
dardized echography. The Kretz 7200 MA 


and/or the Biophysic Ophthascan S was 
used for standardized A-scan echography, 
whereas contact B-scan echography was 
performed with either the CooperVision 
Ultrascan or Biophysic Ophthascan S in- 
strument (both of which are now distri- 
buted by Alcon Inc, Fort Worth, Tex). The 
standardized echographic examination tech- 
niques were performed as described by 
Ossoinig.” In one patient, echography was 
performed after 7 days of treatment with 
prednisone. In the other eight patients, 
therapy was begun after the ultrasound 
examination was performed and consisted 
of prednisone, initially at a dose of 80 to 
200 mg/d. The patients were also treated 
with topical corticosteroids with or without 
cycloplegic agents for their iridocyclitis. 
The patients were followed up every 1 to 
2 weeks, and the medications were tapered 
based on improvement in symptoms, visual 
acuity, intraocular inflammation, dise hy- 
peremia, and/or serous retinal detachment. 
In five of the patients, follow-up echogra- 
phic examination was performed at be- 
tween 2 and 6 weeks after the systemic 
therapy was begun. 


REPORT OF A CASE 


The case history of a representative pa- 
tient is provided herein. 

A 17-year-old Hispanic female adolescent 
(patient 2 in the Table) presented with a 
2-week history of redness and decreased 
vision in both eyes, accompanied by inter- 
mittent ocular pain, photophobia, and head- 
aches. Her past medical and ocular history 
was otherwise unremarkable. She had no 
history of hearing problems or dermatologic 
abnormalities. 

On initial examination, best corrected 
visual acuity was 20/200 OU, and pupillary 
responses were normal. Slit-lamp examina- 
tion showed moderate conjunctival hyper- 
emia, diffuse fine keratic precipitates, 2+ 
cell and flare, and 1+ vitreous cells bilater- 
ally. Funduscopic examination (Fig 1, top 
left) revealed swelling of the optic nerve 
head of the right eye and peripheral choroi- 
dal lesions consistent with Dalen-Fuchs 
nodules. Posterior exudative detachments 
were noted bilaterally, and there was a 
large exudative detachment inferiorly in 
the right eye. 
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Fig 1.—Patient 2 (Table). Fundus photographs and fluorescein angiograms of the right eye. Top left, Initial fundus 
appearance shows disc hyperemia as well as a large posterior serous retinal detachment. Top right, Initial fluorescein 
angiogram (late phase) demonstrates staining of the disc, placoid areas of hyperfluorescence at the level of the retinal 
pigment epithelium, and accumulation of dye in the area of serous retinal detachment. Bottom left, Fundus appearance of 
the left eye after 1 month of treatment shows marked resolution of serous detachment. Bottom right, Corresponding 
posttreatment fluorescein angiogram (late phase) shows placoid areas of hyperfluorescence at the level of the retinal 
pigment epithelium, staining of the disc, and absence of leakage into the subretinal space. 


Fluorescein angiography demonstrated 
patchy filling of the choriocapillaris, hyper- 
fluorescence of the optic discs, placoid areas 
of hyperfluorescence at the level of the 
retinal pigment epithelium, and late pooling 
of dye in the areas of serous detachment 
(Fig 1, top right). 

Echographic examination (Fig 2, top left, 
middle left, bottom left) showed mild vitre- 
ous opacities as well as diffuse, low to 
medium reflective thickening of the choroid 
posteriorly, greater in the right eye than in 
the left eye. Mild thickening of the sclera 
adjacent to the thickened choroid was also 
observed. There were extensive, shallow 
serous retinal detachments in both eyes. 

The patient was initially treated with 
100 mg/d of oral prednisone which was 
tapered to 40 mg/d during the following 
month. During this time, her visual acuity 
improved to 20/30 OD and 20/40 OS, and 
there was marked resorption of the serous 
detachments bilaterally (Fig 1, bottom left). 
Repeated fluorescein angiography showed 
hyperfluorescence of the optic discs, pin- 
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point and placoid areas of hyperfluores- 
cence at the level of the retinal pigment 
epithelium in the posterior pole, but resolu- 
tion of some of the hyperfluorescent areas 
outside the arcades (Fig 1, bottom right). 
Repeated echography showed a marked de- 
crease in thickening of the choroid com- 
pared with that seen on the initial examina- 
tion, with residual shallow serous eleva- 
tions in both eyes (Fig 2, top right, middle 
right, and bottom right). 


RESULTS 


Results of the echographic examina- 
tions of all nine patients are summa- 
rized in the Table. There were several 
consistent ultrasonographic findings. 

First, the most consistent finding 
was diffuse, low to medium reflective 
thickening of the choroid, which was 
present in all patients studied. The 
thickening was most marked in the 
peripapillary area and generally ex- 
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tended to the equatorial region, be- 
coming progressively thinner farther 
away from the optic nerve. In two 
patients, the infiltration extended an- 
teriorly to involve the ciliary body. In 
several patients, thickening of the cho- 
roid was revealed on ultrasound ex- 
amination, but clinically detectable 
choroidal thickening was not seen on 
funduscopic examination, even in the 
presence of clear media. An example of 
low reflective choroidal thickening is 
shown in Fig 3. 

Second, serous retinal detachments 
were noted in seven of nine patients on 
initial ultrasound examination. These 
were located inferiorly in two patients, 
in the posterior pole in two patients, 
and both inferiorly and posteriorly in 
three patients. One of the patients in 
whom this finding was not present had 
been treated with prednisone for 1 
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Fig 2.—Ultrasonograms of patient 2 (Table). Top left, middle left, and bottom left, Images represent initial examination. Top 
right, middle right, and bottom right, Images represent follow-up examination. Top left, B-scan, horizontal axial view shows 
choroidal thickening (open arrows) and serous retinal detachment (closed arrows). Middle left, B-scan, longitudinal view 
Superior to macula shows similar findings as well as scleral thickening (black arrow) and episcleral infiltration (white arrow). 
Bottom left, A-scan image demonstrates serous retinal detachment (R), choroidal surface (C), medium reflective choroidal 
thickening (arrows), and thickened sclera (S). Top right (horizontal axial view) and middle right (longitudinal view superior to 


macula), Images show a decrease in choroidal and scleral thickening with residual serous elevation of the retina (arrows) 
Bottom right, Image shows a decrease in choroidal thickening with residual shallow serous detachment (R) 


week before ultrasonography; the 


other patient showed no evidence 
of serous detachment on initial 
examination. 


Third, mild thickening of the sclera 
and/or episclera was noted in six of the 
nine patients and was located posteri- 
orly, adjacent to the areas of choroidal 
- thickening. In five of these patients, 
scleral and/or episcleral thickening was 
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present on initial evaluation; in patient 
7 (Table), the scleral infiltration devel- 
oped when she had a recurrence of 
inflammation as the corticosteroid 
therapy was tapered. 

Fourth, mild vitreous opacities with 
no evidence of posterior vitreous de- 
tachment were seen in six of the nine 
patients. 

When the findings described above 
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were present, they were bilateral in all 
patients, except for patient 5, who had 
unilateral scleral thickening as well as 
serous retinal detachment. However, 
the findings were often asymmetric, 
with one eye being affected more than 
the other in several cases. To date, we 
have not seen any untreated patients 
with VKH syndrome who failed to 
show at least some of these features on 
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Fig 3.—Ultrasonogram of patient 5 (Table). Top, B-scan (vertical transverse view through 
temporal posterior pole) image shows choroidal thickening (arrow). Scleral thickening and 
episcleral infiltration are also present. Bottom, Corresponding A-scan image shows low reflec- 


tive nature of choroidal thickening (arrow). 


echographic examination. 

Follow-up ultrasonographic exami- 
nation of patients after initiation of 
systemic corticosteroid therapy gener- 
ally revealed partial or complete reso- 
lution of the above findings. The 
amount of choroidal and scleral thick- 
ening, as well as the degree of serous 
elevation of the retina, decreased sig- 
nificantly after several weeks of thera- 
py. The exception to this was patient 
7, who had a recurrence of inflamma- 
tion 6 weeks after her initial examina- 
tion as the corticosteroid therapy was 
tapered; visual acuity had improved to 
20/20 OU but subsequently decreased 
to 20/40. Repeated echographic exami- 
nation at that time revealed slight 
increase in choroidal thickening as well 
as diffuse thickening of the sclera pos- 
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teriorly in both eyes; this latter finding 
had not been present on the initial 
ultrasonogram. 

As expected, the changes moted on 
clinical and ultrasonographic examina- 
tion correlated with the change in visu- 
al acuity in these patients. This was 
true whether or not the patient had a 
serous detachment involving the macu- 
la on initial examination. Thus, pa- 
tients with choroidal infiltration poste- 
riorly but no evidence of serous 
macular detachment showed improve- 
ment in visual acuity that corre- 
sponded to the decrease in choroidal 
infiltration. 


COMMENT 


The VKH syndrome is characterized 
by a spectrum of ocular, central ner- 
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vous system, and dermatologic mani- 
festations. In the majority of patients, 
a panuveitis is seen with disc hyper- 
emia and exudative retinal detach- 
ments. The VKH syndrome occurs pri- 
marily in darker-pigmented indivi- 
duals, such as Orientals, American 
Indians, blacks, and Hispanics. Extra- 
ocular findings include headache, men- 
ingism, hearing loss, tinnitus, cerebro- 
spinal fluid pleocytosis, alopecia, 
vitiligo, and poliosis, but these symp- 
toms are variable and are not present 
in many patients who have the typical 
eye findings. Japanese patients com- 
monly manifest these extraocular find- 
ings (hearing loss in 70% to 80% of 
cases, poliosis/alopecia in 60% of cases, 
and vitiligo in 25% of cases)*’; howev- 
er, these findings are less common in 
other groups, such as Hispanics and 
American Indians.”’ At our institu- 
tions (Doheny Eye Institute and Los 
Angeles County/University of South- 
ern California Medical Center), 75% of 
the patients with VKH syndrome are 
of Hispanic origin; only 21% of these 
have dermatologic manifestations, and 
only 17% have audiologic complaints 
(Jose Beniz, MD, D.J.F., John S. 
Lean, MD, Ronald E. Smith, MD, and 
N.A.R., unpublished data, 1989). The 
diagnosis in these patients was made 
based on the characteristic ocular find- 
ings as well as evidence of central 
nervous system involvement (head- 
ache, meningism, and/or cerebrospinal 
fluid pleocytosis). 

Fluorescein angiography has been 
helpful in confirming the diagnosis of 
VKH syndrome. Typical features in- 
clude patchy areas of delayed choroidal 
filling, followed by the appearance of 
pinpoint and placoid hyperfluorescent 
areas at the level of the retinal pig- 
ment epithelium, which tend to grow 
as the study progresses. Accumulation 
of dye in the areas of serous detach- 
ment occurs in the later stages.”” 

Thus, the diagnosis of VKH syn- 
drome can usually be made on the 
basis of the clinical and angiographic 
features. However, several factors 
may make it difficult to make the diag- 
nosis based on these findings. As men- 
tioned above, many patients do not 
present with the typical extraocular 
manifestations of VKH syndrome or 
may give only a vague history of head- 
aches or other neurologic distur- 
bances. Furthermore, serous detach- 
ments may not be present at the time 
of presentation. In cases where intra- 
ocular inflammation or its sequelae are 
pronounced (eg, extensive posterior 
synechiae preventing pupillary dila- 
tion, cataract, or dense vitritis), ex- 
amination of the fundus may be inade- 
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Initial Examination Follow-up Examination 
————— C~Y->_OO OOOO 0 SS 
Thickening Serous Scleral/ 
of Posterior Retinal Episcleral Vitreous Weeks After 
Choroid Detachment Thickening Opacities Initial 
(n = 18) (n = 13) (n= 9) (n= 12) Examination Acuity 
20/200 
20/100 


Thickening Serous Scleral/ 
Visual of Posterior Retinal Episcleral Vitreous 
Choroid Detachment Thickening Opacities 


Patient No./ Eye Visual 
Age, y/Sex (n = 18) Acuity 


HM at 1 ft 
HM at 1 ft 
20/200 
1/200 
20/200 
20/70 


20/200 

20/40 

20/400 tT 
20/80 +T 








*Plus sign indicates present; ellipses, absent or not done; downward arrow, decrease; upward arrow, increase; and horizontal arrow, no change. 
tThickening extended anteriorly and involved ciliary body as well. 
Patient 8 was receiving systemic steroids for 1 week before ultrasound examination. 


quate to reveal the characteristic 
posterior segment features of VKH 
syndrome. In such cases, fluorescein 
angiography will generally be of little 
benefit. It is in these instances that 
ultrasonography may be most useful to 
confirm the suspected diagnosis. 

Another potential use of ultrasound 
in VKH syndrome is in monitoring the 
response to therapy. Generally, this is 
achieved by documenting improve- 
ment in symptoms, visual acuity, and 
degree of intraocular inflammation, as 
well as resolution of serous detach- 
ments and disc hyperemia. However, 
if systemic symptoms are minimal, or 
if cataracts or other media opacities 
limit visual acuity or examination of 
the posterior pole, these variables may 
not be an accurate measure of the 
degree of resolution of the inflamma- 
tory process. In these cases, echo- 
graphy would be beneficial in docu- 
menting a decrease in choroidal in- 
flammation or serous elevation of the 
retina. 

It is important that standardized 
echography be used in the examination 
of such patients. This provides the use 
of a standardized A scan for accurate 
assessment of the internal reflectivity 
of solid choroidal lesions. 

The echographic findings described 
herein correlate well with the histo- 
pathologic features of VKH syndrome. 
The ocular involvement is character- 
ized by a diffuse granulomatous inflam- 
mation of the uveal tract, consisting of 
lymphocytes, macrophages, and epi- 
thelioid cells." An autoimmune reac- 


Arch Ophthalmol—Vol 108, October 1990 


tion to uveal (and dermal) melanocytes 
has been postulated as a cause of VKH 
syndrome’; in the acute phase, the 
inflammation is most marked in areas 
where these melanocytes predominate. 
Thus, the peripapillary choroid tends 
to show the greatest amount of cellular 
infiltration, with the degree of inflam- 
mation decreasing as the equator is 
approached. The degree of choroidal 
thickening tends to lessen as the cho- 
roidal melanocytes disappear with 
time.” These patterns of inflammation 
closely parallel the echographic fea- 
tures demonstrated in the patients 
studied. 

The echographic findings, although 
fairly consistent, need to be differenti- 
ated from those found in several other 
entities that can mimic VKH syndrome 
clinically, angiographically, and ul- 
trasonographically. 

Posterior scleritis, which may cause 
pain, redness, and decreased vision, is 
often accompanied by cells in the vitre- 
ous cavity, serous retinal detachments, 
and optic disc edema.” Fluorescein an- 
giographic features may mimic those of 
VKH syndrome. Echography shows 
flattening of the posterior aspect of the 
globe, thickening of the posterior coats 
of the eye, and retrobulbar edema.“ In 
VKH syndrome, the posterior sclera 
may be secondarily thickened; however, 
there is typically diffuse, low to medium 
reflective choroidal thickening in VKH 
syndrome, whereas in posterior scleri- 
tis, there is highly reflective choroidal 
thickening (and/or serous detachment of 
the choroid), which may be either dif- 
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fuse or localized.” 

Benign reactive lymphoid hyperpla- 
sia of the uveal tract is a rare entity in 
which there is diffuse lymphocytic in- 
filtration of the iris, choroid, and cili- 
ary body. As in VKH syndrome, it 
may be accompanied by iridocyclitis, 
serous detachments, and retinal pig- 
ment epithelial changes.” In contrast 
to VKH syndrome, however, approxi- 
mately 90% of patients have only uni- 
lateral involvement. Jacobiee and co- 
workers" described three patients 
with multifocal choroidal infiltrates. 
Echography showed choroidal thicken- 
ing in each but also showed sonolucent 
areas of retrobulbar extension. Des- 
roches et al“ described one patient in 
whom ultrasonographic examination 
showed a rounded, elevated mass of 
the posterior pole of low reflectivity 
that later involved the choroid diffuse- 
ly.“ Diffuse thickening of the choroid 
with involvement of the overlying 
sclera that responded to treatment 
with systemic corticosteroids has also 
been reported.” 

Diffuse malignant melanoma of the 
choroid, also a rare entity, can be 
associated with various degrees of in- 
traocular inflammation as well as with 
serous retinal detachments.” It may 
show low reflective thickening of the 
choroid, similar to that seen with VKH 
syndrome, but this entity is unilateral 
in the majority of cases. 

In leukemia or lymphoma, the cho- 
roid is the most frequently involved 
ocular tissue, with choroidal infiltra- 
tion being present in 85% of eyes with 
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ocular involvement.” Such involve- 
ment is rarely detected clinically but, 
when present, usually manifests as a 
shallow serous elevation of the retina 
posteriorly. Abramson et al” reported 
that leukemic infiltration of the choroid 
can be detected echographically, even 
if the fundus appears to be normal or if 
the infiltrate is only 1 to 2 mm thick. 
The involvement may be either diffuse 
or localized and can occur without af- 
fecting visual acuity. 

Kincaid et al” described a patient 
with decreased vision and changes in 
mental status who was found to have 
bilateral serous retinal detachments. 
Fluorescein angiography showed mul- 
tiple pinpoint hyperfluorescent dots 
with leakage of dye into the subretinal 
space. A diagnosis of VKH syndrome 
was considered, but the patient died 
and on postmortem examination was 
found to have leukemic infiltration of 
multiple organ systems, including the 
choroid. Thus, leukemia may be con- 
fused with VKH syndrome both clini- 
cally and angiographically. In most 
cases, however, retinal involvement, 
as well as peripheral blood abnormali- 
ties, will point to the diagnosis of 
leukemia. 

Ocular involvement with systemic 
lymphoma is less common than with 
leukemia.” Reticulum cell sarcoma is 
the most common form of lymphoma to 
affect the ocular tissues and may pre- 
sent as a posterior uveitis with serous 
retinal detachment, usually in individ- 
uals older than 55 years.“ Diffuse or 
localized choroidal infiltration can also 
be seen. Echographic examination, 
however, often shows irregular, medi- 
um to high internal reflectivity in the 
areas of choroidal thickening, some- 
times with elevation of the overlying 
retinal pigment epithelium. In our ex- 
perience, the echographic characteris- 
tics of this entity more closely resem- 
ble those of metastatic tumors than 
those of VKH syndrome. 

Sympathetic ophthalmia shares 
many of the clinical and histopathologic 
features of VKH syndrome, including 
the occasional finding of alopecia, vitili- 
go, and poliosis.”” However, it is seen 
almost exclusively in patients with a 
history of penetrating ocular trauma 
or previous intraocular surgery. The 
echographic features would be ex- 
pected to closely resemble those seen 
in VKH syndrome, since diffuse granu- 
lomatous choroidal inflammation is 
seen in both conditions. 

Long-standing uveitis may result in 
hypotony. Choroidal thickening is of- 
ten present in these cases but tends to 
be highly reflective on echographic ex- 
amination, as opposed to the low to 


medium reflectivity seen in VKH 
syndrome. 

Other types of uveitis ean also mimic 
the VKH syndrome. Granulomatous 
uveitis, such as that seen in association 
with sarcoidosis, syphilis, and tubercu- 
losis, may result in infiltration of the 
choroid. However, these entities tend 
to show a more nodular or multifocal 
pattern of choroiditis than does VKH 
syndrome. Thus, the echographic pat- 
tern of choroidal thickening seen in 
VKH syndrome (most prominent in 
the peripapillary choroid, thinning out 
toward the periphery) weuld not be an 
expected finding in these entities. In 
addition, these patients usually have 
other laboratory (blood, cerebrospinal 
fluid, and/or radiographic) evidence of 
their disease. 

In summary, we believe that stan- 
dardized echography is an important 
tool in helping to make the diagnosis of 
VKH syndrome. This is particularly 
true in the case where the diagnosis is 
unclear, either because of an atypical 
clinical presentation or poor visualiza- 
tion of the posterior pole. In some 
instances, echography can demon- 
strate thickening of the choroid that 
may not be apparent clinically. The 
echographic findings correlate well 
with the histopathologic features of the 
disease and can be used as a guide for 
measuring the response to therapy if 
other means of judging the clinical 
response are unreliable. Certain enti- 
ties need to be excluded in cases that 
represent diagnostic dilemmas, but the 
additional information provided by 
a careful echographic examination 
should help the clinican make the cor- 
rect diagnosis in the majerity of cases. 
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Clinical and Morphometric Results of Penetrating 
Keratoplasty With One-Piece Anterior-Chamber 
or Suture-Fixated Posterior-Chamber Lenses 

in the Absence of Lens Capsule 


Jonathan H. Lass, MD; Diana M. DeSantis, MD; William J. Reinhart, MD; Tawhid S. Hossain; David L. Hom, PhD 


è The clinical records and serial cor- 
neal endothelial images of 25 acapsular, 
pseudophakic eyes with Kelman-style, 
one-piece, anterior-chamber intraocular 
lenses and 24 acapsular, pseudophakic 
eyes with suture-fixated, posterior-cham- 
ber intraocular lenses following penetrat- 
ing keratoplasty were reviewed to deter- 
mine clinical success and endothelial 
survival after 1 year. Twenty-two (88%) of 
25 grafts in the anterior-chamber intra- 
ocular lens group and 23 (96%) of 24 
grafts in the sutured posterior-chamber 
intraocular lens group were clear after 1 
year; best corrected visual acuity of 
20/40 or better was noted in 25% of the 
eyes in the anterior-chamber intraocular 
lens group and 29% of the eyes in the 
sutured posterior-chamber intraocular 
lens group. The mean intraocular pres- 
sure for the anterior-chamber intraocular 
lens group was significantly lower than 
for the sutured posterior-chamber intra- 
ocular lens group at 3 months (17+ 4 vs 
21+7 mm Hg) and at 6 months (17+3 vs 
20+5 mm Hg), but did not differ at 1 year. 
The mean percent of endothelial cell loss 
after 1 year did not differ between the 
anterior-chamber intraocular lens group 
(32% + 26%) and the sutured posterior- 
chamber’ intraocular lens group 
(27% + 26%). No clinical or endothelial 
morphometric advantages were noted af- 
ter 1 year for the suture-fixated, posteri- 
or-chamber intraocular lens over the Kel- 
man-style, one-piece anterior chamber, 
intraocular lens following pseudophakic 
penetrating keratoplasty; however, a 
long-term, prospective, randomized 
study of these two intraocular lens types 
is recommended. 

(Arch Ophthalmol. 
1431) 


1990;108:1427- 


Accepted for publication June 6, 1990. 

From the Division of Ophthalmology (Drs Lass, 
DeSantis, and Reinhart and Mr Hossain) and the 
Department of Epidemiology and Biostatistics 
(Dr Hom), Case Western Reserve University and 
University Hospitals of Cleveland, Ohio. 

Presented in part at the Castroviejo Society 
Meeting, New Orleans, La, October 28, 1989. 

Reprint requests to University Hospitals of 
Cleveland, 2074 Abington Rd, Cleveland, OH 
44106 (Dr Lass). 


Arch Ophthalmol—Vol 108, October 1990 


Pseudophakic bullous keratopathy 

has become the leading cause of 
penetrating keratoplasty (PK) in the 
last 10 years in the United States.” 
One major factor contributing to this 
indication has been the high incidence 
of late corneal decompensation follow- 
ing the use of iris-supported and 
closed-loop anterior chamber (AC) in- 
traocular lenses (IOLs). Recent ex- 
perience with retention of closed-loop 
AC IOLs during PK demonstrated 
poor late graft survival and marked 
endothelial cell loss.™ Therefore, these 
lenses are universally removed, even 
when in proper position.””’” The iris- 
clip IOLs may be left in place with 
good long-term results’; however, 
exchange of the Copeland iris-plane 
IOL or any subluxated iris-supported 
IOL is recommended.*’ Intraocular 
lens removal is also indicated if there is 
associated chronic iridocyclitis, iris 
erosion or atrophy, extensive periph- 
eral anterior synechiae (PAS) with 
glaucoma, vitreous incarceration, or 
improper IOL power.” 

Once the decision is made to ex- 
change the IOL, the choice of replace- 
ment IOL type and location that mini- 
mizes long-term endothelial cell loss 
and maximizes long-term graft surviv- 
al and excellent visual acuity has not 
been established. Numerous studies 
have supported exchange for a suture- 
fixated posterior-chamber (PC) IOL, 
either sutured to the iris or sclera, in 
the absence of an intact posterior cap- 
sule for theoretical reasons, as well as 
based on favorable data regarding 
graft survival and best corrected visu- 
al acuity.” To our knowledge, only 
one study, however, has examined 
long-term endothelial survival follow- 
ing this procedure.” 

Although closed-loop AC IOLs have 
been discontinued, experimental’ and 
clinical => evidence has shown the 
Kelman-style, one-piece polymethyl- 
methacrylate AC IOL to perform more 
favorably and be associated with long- 
term graft survival.*’** The only re- 
port in which patients with a one-piece 
AC IOL or sutured PC IOL were 
concurrently followed up after under- 
going PK found no difference in best 


corrected visual acuity at the last ex- 
amination. No study, to our knowl- 
edge, has described the long-term en- 
dothelial survival following PK with 
the one-piece AC IOL. 

The present study is a retrospective 
analysis of the clinical and endothelial 
morphometric results in a 1-year peri- 
od for a group of patients who under- 
went pseudophakic PK with an ex- 
change for or secondary insertion of a 
Kelman-style, one-piece AC IOL com- 
pared with a concurrent group of pa- 
tients who underwent pseudophakic 
PK with an exchange for or secondary 
insertion of a PC IOL suture fixated to 
the iris. We found that there was no 
advantage to the suture-fixated PC 
IOL over the Kelman-style, one-piece 
AC IOL in regard to graft clarity, 
visual outcome, intraocular pressure 
(IOP) control, and endothelial survival 
1 year following pseudophakic PK. 


PATIENTS AND METHODS 


We retrospectively reviewed the records 
of 49 patients (49 eyes) who had undergone 
PK for pseudophakie or aphakic bullous 
keratopathy along with an IOL exchange or 
secondary IOL implantation from Novem- 
ber 1986 to June 1988 at University Hospi- 
tals of Cleveland, Ohio. These patients have 
been previously described in part.” This 
report includes 1-year follow-up data from 
those two studies on all patients who had 
undergone a PK and IOL exchange or sec- 
ondary IOL implantation. 

Two pseudophakic groups were analyzed: 
those patients who underwent PK and an 
exchange for or secondary insertion of a 
Kelman-style, one-piece AC IOL (25 eyes in 
25 patients) (AC IOL group) or a suture- 
fixated PC IOL (24 eyes in 24 patients) 
(sutured PC IOL group). All eyes in both 
groups had an absent posterior capsule. The 
selection of IOL type was nonrandomized: 
all surgeries in the AC IOL group, except 
in two cases, were performed by J.H.L.; all 
surgeries in the sutured PC IOL group 
were performed by W.J.R. No eyes with 
PAS greater than 90° underwent implanta- 
tion with an AC IOL. Closed-loop AC IOLs 
were removed from 18 eyes (72%) in the AC 
IOL group and 20 eyes (84%) in the sutured 
PC IOL group. Iris-supported IOLs were 
removed from three eyes (12%) in the AC 
IOL group and from two eyes (8%) in the 
sutured PC IOL group. Four eyes (16%) in 
the AC IOL group and two eyes (8%) in the 
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PC IOL group were aphakic before surgery 
and underwent secondary implantation 
with their respective IOLs. 

Eye bank procedures and donor specular 
microscopy techniques have been previ- 
ously described.” Three intermediate- 
term storage media were employed during 
the study: K-Sol (Coopervision, Bellevue, 
Wash); Chondroitin Sulfate Corneal Stor- 
age Medium (Aurora Biologicals, Williams- 
ville, NY), and Chondroitin Sulfate Corneal 
Storage Medium with 1% dextran (freshly 
prepared at the University of Minnesota, 
Minneapolis). In addition, 200-mg/L oxacil- 
lin sodium (final concentration) was added 
to the medium just prior to corneal storage. 

Best corrected visual acuity and IOP 
were measured, and slit-lamp and fundu- 
scopic examinations were performed before 
surgery. Informed consent for PK and ex- 
change or secondary insertion of the IOL 
was obtained. Standard surgical techniques 
for pseudophakic and aphakic PK with ex- 
change for or secondary IOL insertion of a 
one-piece AC IOL” or iris-suture-fixated 
PC IOL” were employed. A Kelman Multi- 
flex II (Coopervision) was used for the AC 
IOL, with the IOL oriented 90° opposite the 
meridian of the original, closed-loop AC 
IOL in all cases. A PC 57B (Allergan Medi- 
cal Optics, Irvine, Calif) was used for the 
PC IOL, with fixation achieved by passage 
of a double-armed 10-0 prolene suture 
through each of the two rotation holes in 
the optic and two passes through the iris. 

Two (8%) of the 24 eyes in the sutured PC 
IOL group had PAS greater than 90°, ne- 
cessitating the use of a sutured PC IOL for 
fixation. An anterior vitrectomy was per- 
formed in all eyes of both groups. Either an 
interrupted 10-0 nylon, an interrupted 10-0 
nylon with a running 11-0 nylon, or an 
interrupted 10-0 nylon and 11-0 running 
mersilene suture technique was used. All 
patients received intraocular acetylcholine 
chloride 1:100 (Miochol, IoLab Pharmaceu- 
tical, Claremont, Calif) followed by hyalur- 
onate sodium (Healon, Pharmacia Ophthal- 
mics, Monrovia, Calif) to maintain the AC 
while the corneal button was sewn into 
place. At the end of the procedure, genta- 
micin sulfate (20 mg) and methylpredniso- 
lone sulfate (20 mg) were given 
subeconjunctivally. 

A corticosteroid-antibiotic solution was 
administered topically four times daily for 
the first 2 weeks following surgery. Combi- 
nation therapy was discontinued after 1 
month and 1% prednisolone acetate drops 
were administered once a day thereafter. A 
slit-lamp examination was performed week- 
ly or biweekly for the first month after 
surgery and again at least as frequently as 
3, 6, and 12 months after surgery. The 
degree of graft clarity, ranging from poor 
(0+) to excellent (4+), was recorded at 
each visit along with any complications. 
Ultrasonic pachymetry of the central cor- 
nea was performed at 1 week and at 3, 6, 
and 12 months after surgery. With a con- 
tact, wide-field, video-specular microscope 
(Coopervision), a recording of the central 
endothelial image was made at 3, 6, and 12 
months after surgery for morphometric 
analysis, as previously described.” 

Baseline and postoperative continuous 
variables (eg, endothelial cell area and stor- 
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Table 1.—Confounding Complications for Best Corrected Visual Acuity 
and Endothelial Cell Loss* 


Confounding Complications 
None 


No. (%) of Eyes* 


Sutured PC IOL 
(n = 24) 
11 (46) 


Best corrected visual acuityt 12 (41) 8 (33) 
Endothelial cell loss¢ 2 (7) 3 (13) 





Both§ 


3 (11) 2 (8) 





* AC indicates anterior chamber; IOL, intraocular lens; and PC, posterior chamber. 
tincludes cystoid macular edema, age-related macular degeneration, graft failure, corneal ulcer, and uncon- 


trolled glaucoma. 


Includes graft reaction episode, wound dehiscence, and graft failure. 
§Includes the complications for both best corrected visual acuity and endothelial cell loss. 


Table 2.—Postoperative Best Corrected Visual Acuity 


Best Corrected Visual Acuity * 


——————————————  ., 


Time After 
Keratoplasty, mot 


3 
AC IOL 


Sutured PC IOL 


6 
AC IOL 


Sutured PC IOL 


12 
AC IOL 


Sutured PC IOL 
* Numbers are No. (%) of eyes. 





20/40 or 
Better 


20/50 to 
20/200 


20/400 or 
Worse 


14 (56) 
11 (46) 


9 (36) 
13 (54) 


13 (52) 
14 (58) 


5 (20) 
7 (29) 


6 (24) 
6 (25) 


13 (52) 
11 (46) 


tAC indicates anterior chamber; IOL, intraocular lens; and PC, posterior chamber. 


age time), were compared between the two 
groups using Student’s t tests for indepen- 
dent groups.” Paired ¢ tests for within- 
group comparisons were used to assess 
significant changes from baseline to each of 
the postoperative periods. Full-factorial 
analysis of covariance (ANCOVA) was used 
to control the effects of preservation medi- 
um, donor age, and recipient age on cell loss 
by group. An a level of .05 was chosen as 
the criterion for statistical significance. All 
data analyses were performed using SPSS- 
PC + statistical programs on an AT&T 6836 
microcomputer. 


RESULTS 
Donor and Recipient Characteristics 


The mean donor characteristics of 
both groups (ie, age, death to enucle- 
ation and preservation times, and stor- 
age time) were similar. There was an 
equal distribution of donor corneas 
stored in the three storage media 
among the two groups. The mean 
(+SD) recipient age of the AC IOL 
group (74+9 years) was significantly 
less than the sutured PC IOL group 
(79+5 years) (P<.04). There was a 
similar sex distribution within the two 
groups: there were six men and 19 
women in the AC IOL group and seven 
men and 17 women in the sutured PC 
IOL group. The mean (+SD) time 
from cataract surgery to PK did not 
differ between the AC IOL group 
(6+4 years) and the sutured PC IOL 
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group (5+2 years). The mean (+SD) 
graft size (8.2+0.1 mm) and recipient 
bed size (8.0+0.1 mm) were the same 
for both groups. 


Clinical Outcome 


Twenty-two (88%) of 25 grafts in the 
AC IOL group and 23 (96%) of 24 
grafts in the sutured PC IOL group 
were clear at 1 year. The reasons for 
graft failure included endothelial rejec- 
tion (one patient in the AC IOL 
group), traumatic wound dehiscence 
(one patient in each group), and uncon- 
trolled glaucoma (one patient in the 
AC IOL group). Table 1 lists the num- 
ber of eyes in both groups with con- 
founding complications that potentially 
affected the analysis of differences in 
best corrected visual acuity (ie, cystoid 
macular edema [CME], age-related 
macular degeneration, graft failure, 
corneal ulcer, and uncontrolled glauco- 
ma [IOP greater than 21 mm Hg on 
two successive visits]). The number of 
eyes with confounding complications 
for this parameter did not differ be- 
tween the two groups. Clinical CME, 
for example, occurred in six eyes prior 
to surgery and persisted after surgery. 
Both groups also had a similar number 
of eyes with confounding complications 
for endothelial cell loss (ie, graft reac- 
tion episode, wound dehiscence, and 
graft failure). 
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subdivided by functional status (20/40 
or better, 20/50 to 20/200, and 20/400 
or worse). There was no significant 
difference in the percentage of eyes 
with visual acuity of 20/40 or better in 
the AC IOL and sutured PC IOL 
groups at 3 months (8% vs 0%), 6 
months (29% vs 14%), and 1 year (25% 
vs 29%). 

The mean corneal thickness signifi- 
cantly declined between 1 week and 3 
months after surgery in the AC 
IOL group (from 0.64+0.08 mm to 
0.53+0.08 mm) and the sutured PC 
IOL group (from 0.68+0.12 mm to 
0.53+0.06 mm) (P<.01); it subse- 
quently remained unchanged there- 


Table 3.—Intraocular Pressure 


intraocular Pressure, mm Hg" 
~_—_c—————— ee _—,..)0 
Sutured PC IOL 
(n = 24) 


f Time After 
Keratoplasty, mo 


Pt 








* Numbers are mean + SD. AC indicates anterior chamber; IOL, intraocular lens; and PC, posterior chamber. 
+Between-group comparisons by nonpaired Student's t test. 
Significant difference. 


Table 4.—Endothelial Morphometric Results * 


Sutured PC IOL 
(n = 24) 


AC IOL 
(n = 25) 


Time After 


Variable Keratoplasty, mo 


7 


k 


Cell density, No. /mm* Prestoraget 
3 
6 
12 
Prestorage} 
3 
6 
12 
Coefficient of variation, Prestoraget 
SD/mean cell area 3 
6 
12 
Prestorage§ 


Cell area, um? 


Figure coefficient, 
4rarea/perimeterz 


* Numbers are mean + SD. AC indicates anterior chamber; IOL, intraocular lens; and PC, posterior chamber. 


2989 + 519 
2524 + 503 
2416 + 818 
1997 + 711 
344 + 56 

416 + 106 
475 + 212 
622 + 429 
0.27 + 0.09 
0.24 + 0.11 
0.22 + 0.08 
0.31 + 0.15 
0.85 + 0.02 
0.86 + 0.02 
0.86 + 0.02 


2711 + 355 
2565 + 500 
2445 + 575 
1991 + 686 
375 + 48 
405 + 86 
431 + 103 
584 + 261 
0.22 + 0.07 
0.26 + 0.13 
0.29 + 0.13 
0.25 + 0.09 
0.86 + 0.01 
0.86 + 0.02 
0.86 + 0.02 


0.85 + 0.03 0.86 + 0.02 





+P = .03. Between-group comparison for Student's t tests for independent variables. 
+P = .04. Between-group comparison for Student's t tests for independent variables. 
§P = .05. Between-group comparison for Student's t tests for independent variables. 


3500 


3000 


© sss... œ 


Y 


Cell Density, No./mm? 


2000 @-—-—- 8 ACIOL 


“8. @--... 
2500 g -.— 


@ --------@ Sutured PC IOL 


1500 
Baseline 3 





6 12 


Time After Keratoplasty, mo 


Mean cell density vs postoperative time for the anterior-chamber (AC) intraocular lens (IOL) 
group (n =25) and sutured posterior-chamber (PC) IOL group (n= 24). 


The mean best corrected visual acu- 
ity, as determined by the LogMAR 
scale” of the AC IOL and sutured PC 
IOL groups, did not differ at any post- 
operative period, including 3 months 
(1.7+1.5 vs 2.2+1.7 mo; 20/250 vs 
20/300), 6 months (1.2+1.6 vs 1.4+1.6 
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mo; 20/225 vs 20/240), and 12 months 
(1.6+2.1 vs 1.2+1.6 mo; 20/240 vs 
20/225). Statistical significance was un- 
affected by excluding those eyes with 
confounding complications that affect- 
ed best corrected visual acuity. Table 2 
lists the best corrected visual acuity, 


after. The two groups did not differ in 
this parameter at any postoperative 
period. 

Table 3 shows the mean IOP before 
surgery and at 3, 6, and 12 months 
after surgery. There was no difference 
in the mean preoperative IOP between 
the two groups. The mean IOP also did 
not fluctuate between each postopera- 
tive period within each group. The 
mean IOP for the AC IOL group, 
however, was significantly lower than 
for the sutured PC IOL group at 3 
months (17+4 vs 21+7 mm Hg; 
P=.02) and at 6 months (17+3 vs 
20+5 mm Hg; P=.04), but it did not 
differ at 1 year. 

A preoperative history of glaucoma 
medication usage was present in six 
(24%) of 25 eyes in the AC IOL group 
and seven (29%) of 24 eyes in the 
sutured PC IOL group. All eyes with 
such a preoperative history in the AC 
IOL group continued to require medi- 
cation after surgery. All eyes requir- 
ing glaucoma medication before sur- 
gery in the sutured PC IOL group 
continued to require medication after 
surgery. Newly diagnosed glaucoma 
occurred in one additional eye in the 
sutured PC IOL group. 


Endothelial Morphometry 


Table 4 and the Figure show the 
endothelial morphometric results and 
decline in mean cell density for the two 
groups. A significant decline in mean 
cell density (percent of cell loss) was 
noted in the AC IOL group at 3 
months (14%+18%; P=.002) and in 
the AC IOL group (18%+28%; P= 
.004) and sutured PC IOL group 
(10% +18%; P=.03) at 6 months. 
These losses were significantly worse 
by 1 year for both groups (P<.001). 
Fifty percent or more cell loss was 
experienced in six (24%) of the 25 AC 
IOL eyes and five (21%) of the 24 
sutured PC IOL eyes. The type of 
medium, donor age, and recipient age 
had no effect on the distribution of cell 
loss by group, as tested by ANCOVA. 
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The mean prestorage cell density of 
the AC IOL group (2989 + 520 cells per 
square millimeter) was significantly 
higher than that of the sutured PC 
IOL group (2711 +355 cells per square 
millimeter; P=.03); conversely, the 
mean prestorage cell area of the AC 
IOL group was significantly lower (Ta- 
ble 4). The two groups, however, did 
not differ in mean cell density, area, or 
loss at any postoperative period. The 
mean cell loss at 1 year in the AC IOL 
group (82%+26%) and sutured PC 
IOL group (27%+26%) did not differ 
(P=.5). The recipient age-adjusted 
mean cell loss was 30% in the AC IOL 
group and 29% in the sutured PC IOL 
group. 

No significant change in the mean 
coefficient of variation occurred over 
time within either group (Table 4). The 
mean prestorage coefficient of varia- 
tion in the AC IOL group (0.27+0.09) 
was significantly higher than in the 
sutured PC IOL group (0.22+0.07) 
(P=.03), but it did not differ after 
surgery. The mean figure coefficient 
increased slightly, but significantly, in 
the AC IOL group at 3 and 6 months 
(P<.05); however, it returned to the 
prestorage value at 1 year (Table 4). 
This parameter did not fluctuate in the 
sutured PC IOL group over time. The 
mean prestorage figure coefficient was 
significantly higher in the sutured PC 
IOL group (0.86+0.01) than in the AC 
IOL group (0.85+0.02) (P=.05), but 
did not differ after surgery. 

COMMENT 

In the past 4 years the technique of 
suture fixation of a PC IOL in the 
absence of capsular support during PK 
has gained wide acceptance in the man- 
agement of aphakic or pseudophakic 
bullous keratopathy in which an IOL 
exchange is indicated.””’* A recent 
survey of Castroviejo and Paton Soci- 
ety members found that of the 260 
respondents, 60% had employed this 
technique (P. W. Smith, MD, written 
communication, September 21, 1989). 
In a current, prospective trial of a new 
corneal preservation medium being 
conducted here and at six other cen- 
ters, 75 of the 210 procedures involved 
an IOL exchange or secondary IOL 
implantation.” Fifty-three (71%) of 
these 75 procedures have employed a 
suture-fixated PC IOL technique, 
whereas only 20 (27%) of the 75 proce- 
dures involved a Kelman-style, one- 
piece AC IOL. 

This acceptance has been based on a 
reaction to the poor results (ie, graft 
failure and progressive endothelial cell 
loss) noted with retained or implanted 
closed-loop AC IOLs,” as well as a 
number of theoretical advantages, in- 
cluding location at the optical node 
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of the eye and posterior to the iris 
plane, the potential use with extensive 
PAS, and potentially less postopera- 
tive CME due to its mechanical barrier 
to the vitreous.”* Our data, however, 
fail to support a distinet advantage of 
suture-fixated PC IOLs over Kelman- 
style, one-piece AC IOLs when an IOL 
exchange or secondary IOL implanta- 
tion is indicated in cases of pseudo- 
phakic or aphakic bullous keratopathy 
on the basis of best correeted visual 
acuity, IOP control, corneal thickness, 
complications (eg, CME and uncon- 
trolled glaucoma), and, most critically, 
endothelial cell loss during a 1-year 
postoperative period. 

Best corrected visual aeuity at 1 
year was comparable between the su- 
tured PC IOL and AC IOL groups, 
either by analysis of mean best cor- 
rected visual acuity or percentage of 
eyes with visual acuity of 20/40 or 
better. Seven (29%) of the 24 eyes in 
the sutured PC IOL group achieved 
20/40 or better best cerrected visual 
acuity at 1 year, which is comparable 
with several reports’ but lower 
than three other series.“ This dif- 
ference in the results between series, 
however, may be due to a differing 
percentage of patients with preoper- 
ative CME. Similarly, 6 (24%) of the 25 
eyes in the AC IOL group achieved 
20/40 or better best corrected visual 
acuity at 1 year, which is comparable 
with several reports*”™ but lower than 
a recent report.” Both groups had an 
equal number of confounding complica- 
tions potentially affecting best cor- 
rected visual acuity, and exclusion of 
those eyes in each group with compli- 
cations did not affect the analysis. 
These results also were not affected by 
a differing percentage of eyes undergo- 
ing anterior vitrectomy, since all eyes 
in both groups underwent this 
procedure. 

We also did not observe any im- 
provement of clinical CME in six eyes 
following IOL exchange with an iris- 
sutured PC IOL, also noted in a report 
of 14 patients (three with CME) with 
a similar technique and follow-up.” 
However, two other reports, one pre- 
senting data on iris-suture fixation 
alone“ and the other a eombination of 
iris-suture and scleral-suture fixation,” 
have noted an improvement in CME 
following these procedures. Therefore, 
longer follow-up beyond 1 year may be 
necessary to conclude whether this 
procedure alters the course of CME in 
these patients. 

Postoperative IOP control also was 
not worse in the AC IOL group. Theo- 
retically, the placement of an AC IOL 
could have interfered with aqeuous 
outflow in eyes already compromised 


Arch Ophthalmol— Vol 108, October 1990 


in this regard, whereas the sutured PC 
IOL would not have this disadvantage. 
In fact, no new patients developed 
glaucoma in the AC IOL group. In 
addition, while the mean preoperative 
IOP for both groups was the same, the 
mean IOP was actually higher in the 
sutured PC IOL group at both 3 and 6 
months, and only after 1 year were the 
sutured PC IOL and AC IOL groups 
similar. 

However, our IOP data, as well as 
data regarding visual acuity and the 
occurrence of clinical CME, may be 
biased by case selection. No patients 
with PAS greater than 90° of the angle 
received an AC IOL, whereas two 
(8%) of the 24 patients in the sutured 
PC IOL group had more extensive 
PAS and a potentially poorer progno- 
sis. In addition, the sutured PC IOL 
group had a higher percentage of pa- 
tients with closed-loop AC IOLs re- 
moved than the AC IOL group (84% 
and 72%, respectively). Therefore, we 
can only conclude that with proper 
case selection, a Kelman-style, one- 
piece AC IOL and an iris-suture-fix- 
ated PC IOL yield similar postopera- 
tive IOP control. 

Finally, the most critical parameter 
assessing these two IOL procedures, 
long-term endothelial survival, was 
comparable between the two groups. 
Both groups experienced a progressive 
decrease in cell density, with the pre- 
dominant cell loss between 6 and 12 
months. By 1 year, both the AC IOL 
group and the sutured PC IOL group 
had experienced significant mean cell 
loss (82% and 27%, respectively) and 
did not differ from each other, even 
with the exclusion of confounding com- 
plications or with age adjustment. 

The statistical power” to detect a 
20% absolute difference (eg, 32% vs 
12%) in cell loss between the two 
groups at 1 year was 73%, ensuring 
sufficient power to detect a clinically 


-_ 


r 


significant difference. Regarding the * 


other between-group or within-group 
comparisons of variables, power calcu- 
lations ranged from 70% to 80% when 
there was a clinically significant 20% 
difference in the mean values for that 
variable; eg, the mean coefficient of 
variation at baseline compared with 6 
months for the AC IOL group or the 
mean coefficient of variation of the AC 
IOL group compared with the sutured 
PC IOL group at 6 months. Only when 
differences of less than 20% occurred 
with a variable was there insufficient 
statistical power (below 50%), eg, the 
mean IOP between the two groups at 
1 year. 

There are no previous reports, to 
our knowledge, on cell loss for the 
Kelman-style, one-piece AC IOL; our 
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previous report included eyes with 
closed-loop AC IOLs in the AC IOL 
group.” However, a 19% mean cell loss 
at 1 year has been reported by Soong 
et al“ in eyes with a sutured PC IOL 
following pseudophakic PK, lower than 
the 27% mean cell loss found in our 
study. This same group also reported a 
12% mean cell loss at 1 year in eyes 
that had undergone a triple proce- 
dure,” again lower than the 20% mean 
cell loss found in a previous study of 
ours.” These disparate results regard- 
ing absolute cell loss for these IOL 
types, however, may be due to differ- 
ent methods used for determining cell 
density. ”“®®“ Of greater importance is 
the comparison of mean cell loss be- 
tween IOL groups at a given center. 
Although they did not present data in 
their report, Soong et al believed that 
postoperative cell counts in eyes with 
one-piece AC IOLs following PK were 
comparable with their sutured PC IOL 
experience.” Thus, the IOL type and 
position does not appear to play an 
important role in endothelial survival, 
at least 1 year after surgery. 

Our study does not support the use 
of one IOL technique over the other in 
the management of pseudophakic PK 
when an IOL exchange or secondary 
IOL is indicated. Concern regarding a 
high graft failure rate (60% at 1 year) 
_ with retained or implanted closed-loop 
AC IOLs* was not substantiated with 
the Kelman-style, one-piece AC IOL; 
88% of grafts were clear at 1 year in 
this group. Based on the findings of 
this study, the simplicity of technical 
performance, and the minimal addi- 
tional operating time for insertion, the 
Kelman-style, one-piece AC IOL tech- 
nique is a viable alternative to the 
sutured PC IOL technique. 

These findings, however, may be 
affected by a bias in case selection 
favoring the AC IOL technique. In 
addition, although there was sufficient 
power to detect a clinically significant 
20% difference in cell loss at 1 year 
between the two groups, there was 
insufficient power to detect a statisti- 
cally significant difference of less than 
20%. Therefore, a long-term (5-year), 
prospective, randomized trial™™® of 
sufficient size is warranted in which 
eyes with PAS greater than 90° would 
be excluded. We hope that the clinical 
and endothelial morphometric results 
of such a trial would resolve the prob- 
lem of managing the most common 
indication for PK today, pseudophakic 
bullous keratopathy. 
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Botulinum vs Adjustable Suture Surgery 


in the Treatment of Horizontal Misalignment 
in Adult Patients Lacking Fusion 


Jean D. A. Carruthers, MD, FRCSC; Ross A. Kennedy, MD, FRCSC; Diana Bagaric 


è Thirty patients were treated with ei- 
ther botulinum toxin or adjustable suture 
Surgery in a prospective, randomized 
Clinical trial. All patients had horizontal 
deviations greater than 10 prism diopters 
and absent fusion. Seventeen patients 
were assigned to toxin treatment, and 13 
were assigned to surgical treatment. Fol- 
low-up at 6 months after either procedure 
indicated that surgery was superior, with 
patient alignment showing a 92.7% aver- 
age net change, compared with a 50.50% 
net change in the botulinum-treated 
group. There was no difference in re- 
sponse between those patients with a 
starting deviation of 20 PD or less and 
greater than 20 PD in the surgery group. 
However, in the botulinum-treated group, 
those patients with a starting deviation of 
20 PD or less seemed to show better 
responses than those patients with 
greater than 20 PD. Patients with esotro- 
pia showed an 88.89% change with sur- 
gery and a 51.55% change with toxin 
treatment. Patients with exotropia had a 
95.83% change with surgery but a 50.3% 
change with toxin treatment. Since we 
had 20 patients with exotropia and 10 
patients with esotropia, a more formal 


comparison would require larger 
numbers. 

(Arch Ophthalmol. 1990;108:1432- 
1435) 


W e designed a study to answer the 
following question: “Is botulinum 
chemodenervation injection or an ad- 
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justable suture surgery more effective 
in the treatment of a horizontal, nonac- 
commodative ocular misalignment in 
adults?” 

Previous authors have analyzed the 
effect of toxin chemodenervation’” and 
adjustable suture surgery."“ To our 
knowledge, there are no published ran- 
domized clinical trials that compare the 
therapeutic response of the two mo- 
dalities. 

Recognizing the advantages of a ran- 
domized prospective trial over case- 
control or descriptive methods in an- 
swering our basic question, we de- 
signed our study by using a ran- 
domized prospective protocol. 


PATIENTS AND METHODS 


Patients were recruited from the private 
practices of the authors. The original, 
planned sample size was 150 patients. This 
sample size was chosen based on the previ- 
ously published success rate for surgery 
and botulinum toxin injections. It was esti- 
mated that this number could be recruited 
within the space of 2 years. Recruitment 
began in fall 1985 and was much more 
difficult than expected. When resources for 
the project ended 21/2 years later, only 30 
appropriate patients had volunteered for 
randomization. (This was a refusal rate of 
approximately 80%). 

The 30 patients included in the study had 
to meet the following criteria: significant 
horizontal misalignment greater than 10 
prism diopters, with orthoptically proved 
absent fusion. They had to be 16 years of 
age and older and be able to return for 
frequent follow-up examinations. 

All patients underwent a complete oph- 
thalmologie and orthoptic evaluation, in- 
cluding measurement of visual acuity, 
manifest and retinoscopy refraction, biomi- 
croscopy, and fundus examination. Motility 
testing was performed by prism and cross- 
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cover with full optical correction in place in 
the cardinal positions of gaze at a distance, 
with fixation maintained on an accommoda- 
tive target. The Krimsky method was used 
for those patients who were unable to per- 
form on cover tests. For purposes of com- 
parison, the distance deviation in primary 
position was used. Versions and ductions 
were performed and were graded on a nine- 
point scale (—4 to +4). Stereo vision as- 
sessment was done by using Titmus and 
Lang stereo tests, as well as by Clement- 
Clarke Optophor. Any patient who showed 
stereo acuity on the stereo tests and/or 
fusion on the troposcope was excluded. 

The purpose of the study was explained 
to the patients. When they agreed to partic- 
ipate in the study, they understood that 
they would be randomized to either the 
botulinum chemodenervation or adjustable 
suture surgery repair. All patients signed 
written consent forms. Patients were ran- 
domly assigned to treatment by a research 
assistant. The investigators were masked 
as to the randomization sequence. There 
were no separate strata for patients with 
esotropia and patients with exotropia. 

The botulinum chemodenervations were 
performed in an office setting. Six drops of 
proparacaine hydrochloride (0.5%) and one 
drop of epinephrine (1/100 000) were placed 
in the conjunctival sac of the side to be 
injected. An infant electrocardiographic 
ground electrode was placed in the center of 
the patient’s forehead after the skin was 
cleansed with alcohol. Five units of purified 
botulinum A exotoxin was drawn up in an 
0.1-mL aliquot in a tuberculin syringe. A 
hollow 25-gauge, insulated electromyo- 
graphic needle was attached to the end of 
the tuberculin syringe. The electromyo- 
graphic needle was then coupled to the 
portable electromyographic machine. With 
the eye turned in the opposite field of action 
to the muscle to be injected, the needle was 
advanced subconjunctivally along the exte- 
rior of the extraocular muscle, being careful 
to avoid the anterior ciliary vessels. At this 
point, a dull roar was heard as the electro- 
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myographie machine started to pick up the 
motor end plate signal. The patient was 
asked to move the eye into the field of 
action of the muscle to be injected. The 
signal increased, and the needle was care- 
fully advanced within the belly of the mus- 
ele until a loud signal was heard. The 
plunger was depressed, and after a short 
delay, the needle was removed. The patient 
was then able to leave the clinic. All pa- 
tients included in the study were believed 
to have been adequately injected. 

Adjustable suture surgery was per- 
formed in a day-care surgical unit. With the 
patients under routine general anesthesia, 
two-muscle horizontal rectus surgery was 
performed. The adjustable suture was 
placed on the recessed muscle. 

The patient was adjusted later the same 
day in the postanesthetic room under topi- 
cal tetracaine (0.5%) anesthesia. The ad- 
justment was performed with the full opti- 
eal correction in place. Assessment was 
made with the use of patient’s subjective 
awareness of diplopia, the prism bar, and 
cover test near and at a distance. The goal 
of adjustment was orthotropia at a distance 
at the end of adjustment and not overcor- 
rection. In those patients who were incapa- 
ble of prism cover testing, Krimsky testing 
was done instead. In all patients, the preop- 
erative and postoperative methods were 
identical. At the end of the procedure, a 
mild antibiotic ointment was placed on the 
operated eye or eyes, and the patient was 
able to leave the hospital. 

All patients who underwent surgery 
were examined 1 day, 6 weeks, 3 months, 
and 6 months postoperatively. All botuli- 
num-treated patients were seen 1 week, 
6 weeks, 3 months, and 6 months after 
treatment or as close to these intervals as 
was practical for the patient. If at any time 
during 6 weeks following botulinum injec- 
tion, the angle of strabismus was not re- 
duced below 10 PD of orthotropia, the 
patient was offered a repeated botulinum 
injection by using the method outlined 
above. If, at any time, the patient refused 
further treatment with botulinum, he or she 
was offered surgical correction. This surgi- 
eal correction was not performed for at 
least 6 months following the last botulinum 
injection to allow for adequate follow-up of 
~ the botulinum treatment. Similarly, pa- 
tients who underwent surgery were fol- 
lowed up for at least 6 months before 
repeated surgery or before botulinum treat- 
ment was offered to them. 

Final (>6 months) evaluations were per- 
formed by one of the investigators and by 
an orthoptist who was masked to the treat- 
ment assignment. 


RESULTS 


Thirty patients agreed to participate 
in the study. Twelve were male, and 
18 were female. Seventeen patients (8 
male and 9 female) were randomized to 
the botulinum  chemodenervation. 
Thirteen patients (4 male and 9 female) 
underwent adjustable suture strabis- 
mus surgery. 

Twenty patients were exotropic (8 
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* PD indicates prism diopter. x? = 4.89 at P = .027, and Fisher’s Exact Test = .01. 


male and 12 female), and 10 patients 
were esotropic (4 male and 6 female). 
Twelve exotropic and 5 esotropic pa- 
tients received botulinum chemodener- 
vation. Eight exotropic and 5 esotropic 
patients underwent adjustable suture 
strabismus repair. Pretreatment an- 
gles in all patients ranged from 60 PD 
of exotropia to 50 PD of esotropia. The 
range of deviations in the botulinum- 
treated patients with esotropia was 12 
to 35 PD, with an average of 25.4 PD. 
The range of deviations in the esotro- 
pic patients who underwent surgery 
was 12 to 50 PD (average, 31.4 PD). 
The range of deviations in the botuli- 
num-treated exotropic patients was 16 
to 60 PD, with an average deviation of 
33.7 diopters. Exotropic patients who 
underwent surgery averaged 32.6 PD, 
with a range of 16 to 50 PD. 

Five of the 30 patients were not 
satisfied with the outcome of their 
therapy after 6 months; all of these 5 
patients were exotropic who under- 
went pretreatment. Three of the 5 
patients requested surgery, and 2 re- 
quested botulinum toxin chemodener- 
vation. 

Nine of 17 botulinum-treated pa- 
tients had repeated injections (5 had 
two injections, 3 had three injections, 
and 1 had four injections). The course 
of botulinum injections was terminated 
at the patient’s request. 

We defined percent net change as 
follows: 


[(Preoperative Deviation — 
Postoperative Deviation)/ 
Preoperative Deviation] x 100% 


Patients in the adjustable suture 
surgery group showed a 92.7% change 
in the deviation after 6 months (range, 
67% to 100% [z=1.77 at P=.07; 
t=2.95 at P=.007]). Of the 13 patients 
who underwent surgery, only 3 had a 
final deviation greater than 10 PD 
after 6 months of follow-up (Table 1). 

The botulinum-treated group 
showed an average 50.59% (range, 0% 
to 100%) change at 6 months. Of the 17 
botulinum-treated patients, 12 had a 
final deviation greater than 10 PD 
after 6 or more months of follow-up 
(Table 1). 

We analyzed the results of the two 
therapies in esotropic and exotropic 
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patients separately (Table 2). In both 
groups, the data seemed to indicate 
that surgery was superior and gave a 
larger percent change in deviation at 6 
months. However, because of small 
numbers, this trend proved to be sta- 
tistically significant only in patients 
with exotropia. 

We noted that the range of final 
responses to botulinum was more 
spread at a 0% to 100% change. The 
range of response to surgery was more 
focused with a 67% to 100% change in 
deviation. 

We considered patients with a final 
deviation of less than 10 PD at least 6 
months after final treatment to have a 
successful outcome. Overall, patients 
who underwent surgery had a 76.9% 
success rate. Botulinum-treated pa- 
tients had a success rate of only 29.4% 
(x’=4.89, P<.03) (Table 1). This ten- 
dency was present but not statistically 
significant on analysis of the esotropic 
and exotropic groups separately (Table 
3). 

The small size of our population se- 
verely limits the conclusions that we 
may draw. For example, we looked at 
differences in response to treatment 
between patients with a starting devi- 
ation of less than 20 to 20 PD and those 
patients with greater than 20 PD. Of 
the 17 botulinum-treated patients, 4 
had a deviation of 20 PD or less to 
begin with. Of these 4, 3 had a success- 
ful (<10 PD) final result, 1 had an 
unsuccessful result (>10 PD). Of the 
13 patients with a greater than 20-PD 
deviation, only 2 had a successful final 
result, and 11 had an unsuccessful re- 
sult (>10 PD) to botulinum treatment. 
The x’ for this was 2.76 at P<.1. 
Although this was not significant due 
to the small numbers of patients, a 
trend was indicated. 

The patients who underwent sur- 
gery (n= 13) showed absolutely no dif- 
ference between the large-angle group 
and the smaller-angle group (x°=0, 
P=1.0) (Table 4). 


COMMENT 


Many factors may contribute to ocu- 
lar misalignment (for example, abnor- 
mal fusion, abnormal innervation to 
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Table 2.—Change in Angle in 
Patients With Esotropia and Exotropia 
During 6 Months * 


Treatment % Change (Range) 


Esotropia 
51.55 (16.6- 100) 
88.89 (66.6- 100) 


Exotropia 
50.27 (0-100) 
95.83 (25-100) 


* For patients with esotropia, z = 0 and P = 1 by 
Wilcoxon Rank Test, and regarding percent change, 
t= 1.6 and P= .17 (not significant). For patients 
with exotropia, z = 1.9 and P= .05 by Wilcoxon 
Rank Test, and regarding the percent change, 
t = 2.35 and P = .03. 
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Table 3.—Residual Deviation in 
Patients With Esotropia and Exotropia 
at 6-Month Follow-up * 


No. of Patients 
—_—\————uummm,-'-_ __x“_—_—_ 
>10 PD <10PD Total 


Esotropia 


Treatment 


Botulinum 
Surgery 
Total 


Exotropia 
Botulinum 9 
Surgery 3 
Total 12 


* PD indicates prism diopter. For patients with es- 
otropia, x* = 1.91 at P = .17, and Fisher's Exact 
Test = .07 (approaching significance). For patients 
with exotropia, x? = 1.47 at P = .23, and Fisher’s 
Exact Test = .11. 





the extraocular muscles, and mechani- 
cal, orbital, and muscular restrictions 
of muscular function), precluding a 
predictable and uniform patient re- 
sponse to any given surgical procedure 
or pharmacological intervention. Ran- 
domization of patients to one of two 
treatment modalities has been an ef- 
fective scientific tool to minimize the 
effect of other variables on the 
outcome. 

We specifically confined our study to 
those patients who lacked fusion abili- 
ty in an attempt to measure only the 
mechanical effect of the two treat- 
ments. We think that patients with 
with strabismus who have fusion abili- 
ty tend to have a better effect from 
treatment than patients without fusion 
ability. To keep our study group as 
uniform as possible, we excluded the 
patients with fusion ability. 

A serious flaw in our work is the 
small study population. This size was 
not our original intention but was the 
result of patients’ refusal to have their 
treatment randomly selected or their 
refusal to meet other criteria, such as 
the requirement for close follow-up. 

Because of the small study popula- 
tion, the results of esotropic and exo- 
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Patients With Adjustable Suture Surgery 


5/31/88 
7/22/87 
1/6/88 
5/30/88 
5/21/86 
1/6/87 +20 +20 
2/15/89 + “a 


20 r 
12/F/19 7/15/87 —35 —30 
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3/21/88 12 12 
2 1/23/89 12 0 
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Table 4.—Data on Patients With Adjustable Suture Surgery and Botulinum Treatment* 


Latest 
Follow-up 
>6 mo 


Preoperative 
Deviation 





+50 0 


AE a a Re ee 
TE T E ET EIR T OL ES 
Patients With Botulinum Treatment 
1/F/29 1 3/4/87 —50 35 


2/M/29 1 3/6/87 +25 +15 


5/M/21 1 5/6/87 «35 = 
6/F/45 1 6/18/87 ste 


16 O 
25 —16 




















7/F/40 1 1/28/86 
2 3/19/86 —16 —16 
3 1/27/87 —16 0 
8/M/46 1 4/29/87 ~30 —30, —40 
9/F/54 10/9/85 —45 —25 
4/23/86 —25 at 4°) 
5/20/87 —25 —35 










* Plus sign indicates esotropia angle; minus sign, exotropia angle. All injections were 5U. All patients with ex- 
otropia were injected in the lateral rectus muscle; all patients with esotropia were injected in the medial rectus 


muscle. 


tropic patients were difficult to exam- 
ine separately in a meaningful way. 
This, again, was not our original 
intention. 

Our randomization placed a higher 
proportion of esotropic patients in the 
surgery group. If either of esotropia or 
exotropia is easier to treat, this might 
affect the outcome. Our numbers are 
too small to analyze this effect. 

Scott and Mash” estimated that 
more than 100000 eye muscle opera- 
tions are performed yearly in the Unit- 
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ed States, and they reported a 20% to 
60% reoperation rate “even in the 
hands of recognized experts” for the 
nonadjustable suture technique. Metz” 
reported a 20% overall reoperation 
rate for nonadjustable suture. 

The advantages of the adjustable 
suture technique are supported by 
Wisnicki and colleagues“ who reported 
a reoperation rate of 9.7% with their 
adjustable suture technique and a 
12.7% reoperation rate with a 7- to 
12-month follow-up. This compares 
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with our surgical failure rate of 
23.19%. However, the studies in the 
literature generally analyze the re- 
operation rate as a guide to assessing 
the effectiveness of surgery.""’ We 
judged our surgical success in terms of 
final ocular alignment; therefore, a di- 
rect comparison is not possible. As- 
suming that some people with devi- 
ations greater than 10 PD may still not 
have a reoperation, our failure rate 
(defined by angle) is probably similar 
to that in the literature (defined by the 
reoperation rate). 

The results of botulinum A injection 
for strabismus in 37 patients who were 
followed up for at least 100 days and an 
average of 1 year showed an average 
percent correction of deviation of 70% 
(Alan Seott, MD, oral communication, 
November, 1989). This finding com- 
pares with our average correction of 
56.2% at 6 months. We have no direct 
explanation for this, except that our 
population may have been different 
from that described by Scott. Since 
patients were free to refuse repeated 
botulinum injections, for whatever 
reason at any time, there is clearly no 
uniform end point for this treatment. 
One could argue that our botulinum 
treatment course was inadequate, and 
perhaps further injections would yield 
further success. However, we are only 
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6. Flanders M, Tischler A, Wise J, Williams F, 
- Beneish R, Auger N. Injection of type A botulinum 
toxin into extraocular muscles for correction of 


able to report what happened. Car- 
ruthers’ has shown that small-angle 
deviations respond better than large- 
angle deviations, showing that patient 
selection influences outcome. Howev- 
er, other authors have shown similar 
results of treatment of horizontal mis- 
alignment in adults. Elston et al’ 
showed a 60% net change, irrespective 
of the size of the pretreatment devi- 
ation at 2 to 4 weeks after treatment, 
and they found that that change was 
temporary, except in those individuals 
with binocularity. At 8 weeks of fol- 
low-up, they had a 46% net change 
similar to that found in our group. 

Flanders et al’ found a_ percent 
change of 57% with botulinum treat- 
ment of horizontal misalignment at 91/2 
of follow-up. They found there was an 
“unmistakable gradual deterioration of 
alignment with time.” A comparison 
(not statistical) with adjustable su- 
ture-treated individuals showed that 
surgery was superior at two different 
intervals. At 43 weeks of average fol- 
low-up, 50% of the botulinum toxin- 
treated patients had a good result com- 
pared with 67% of the surgery group 
at 51 weeks. This study was not 
randomized. 

We also found that botulinum thera- 
py was less predictable than surgery. 
Even though the surgical outcome may 
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not be perfect, the eye is always 
moved significantly. On the other 
hand, botulinum may give any effect 
between no change and 100% correc- 
tion of deviation. 

Comparing successful final outcome 
(<10 PD of residual deviation) in the 
botulinum-treated group vs the adjust- 
able suture-treated group, we found 
that the surgery group obtained a su- 
perior result (x° = 4.88, P=.027). 

Our preliminary conclusion is that in 
adult patients with horizontal mis- 
alignment and absent fusion, both eso- 
tropic and exotropic patients re- 
sponded better to surgery than to 
toxin when they were followed up 6 
months or more. We recognize that 
there are many variables involved and 
have tried to control for these with the 
statistical method of randomization. 
We recognize that our numbers are 
small and that it would be desirable to 
see a multi-center randomized trial to 
bear out our preliminary conclusions. 
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Assessment of Vitamin A Status by a Disk Applicator 
for Conjunctival Impression Cytology 
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èe Conjunctival impression cytology 
was performed on 236 Indonesian pre- 
school children, half of whom had mild 
xerophthalmia and half of whom were 
age-matched controls. We devised an 
applicator that applies a paper disk of 
fixed area to the conjunctiva with even 
pressure. The disk applicator was used 
to collect impression cytology speci- 
mens from the temporal bulbar conjunc- 
tiva of one eye while the original strip 
technique was used on the other eye. 
Mean (+SD) serum retinol values for 
children with normal and abnormal discs 
were 22.0 + 8.6 g/dL and 18.0+7.2 g/dL 
P<.0001). Mean serum values for normal 
and abnormal strips were 21.7+8.6 
g/dL and 19.0+7.7 g/dL (P<.03). Spec- 
imens obtained with the new disk appli- 
cator corresponded more closely with 
serum vitamin A levels and therefore 
vitamin A status than those obtained 
with the traditional strip technique. 

(Arch Ophthalmol. 1990;108:1436- 
1441) 


WV itamin A deficiency is recognized 

as an important public health prob- 
lem in 36 developing countries of the 
world.’ Corneal xerophthalmia is a ma- 
jor cause of childhood blindness in 
these populations. Loss of mucus-se- 
creting goblet cells and metaplasia of 
conjunctival epithelial cells represent 
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early histopathologic alterations of xe- 
rophthalmia due to vitamin A deficien- 
cy.” The conjunctival impression cy- 
tology technique (CIC-A) is useful for 
the estimation of the prevalence of 
subclinical vitamin A deficiency in de- 
veloping countries. The assessment of 
early deficiency in populations is be- 
coming increasingly important because 
mild vitamin A deficiency has been 
linked to increased risk of diarrheal 
and respiratory infections and mortal- 
ity among preschool children.*" 

In a previous study in Indonesia, 
findings from CIC-A correlated with 
vitamin A status in preschool chil- 
dren.*” A new applicator technique de- 
scribed herein provides higher-quality 
and more precisely targeted samples. 
We compared the accuracy of the sam- 
ples obtained with the new disk appli- 
cator with that of those obtained with 
the traditional strip technique in iden- 


tifying children with vitamin A 
deficiency. 
SUBJECTS AND METHODS 


The study was performed at the Cicendo 
Eye Hospital, Bandung, Indonesia. Chil- 
dren aged 36 to 71 months with mild xe- 
rophthalmia, defined by a history of night 
blindness or the presence of Bitot’s spots, 
were identified as cases in two villages by 
trained local health workers. Each case was 
matched by age and village of residence to a 
clinically normal control child. A total of 118 
eases and 118 controls were enrolled in the 
study. 

Following parental consent (Research 
Project Notification No. 87-03-27-02), each 
child underwent a baseline physical exami- 
nation performed by a pediatrician, an ocu- 
lar examination and CIC-A assessment per- 
formed by an ophthalmologist, and 
anthropometry performed by a trained 
nurse. Venous blood was obtained and sepa- 
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rated, and the serum was frozen. Serum 
retinol was analyzed by high-performance 
liquid chromatography.’ 

Conjunctival impression cytology was 
performed on each child with use of the disk 
applicator and the strip methods. The stri 
method has been previously described.” 
Briefly, the strip technique involves cutting 
a piece of cellulose acetate filter paper 
(HAWP 304FO0, Millipore Corp, Bedford, 
Mass) into 4x20-mm strips, with one end 
cut diagonally to note the side on which - 
cells are collected. The blunt end of the 
paper strip is applied to the inferotemporal 
bulbar conjunctiva of the eye, while the 
pointed end is held between the fingers. A 
glass rod may be used to press lightly onto 
the paper to develop better adhesion and to 
pick up the fullest complement of surface 
cells. The paper strip is then slowly peeled 
off after 3 to 5 seconds of contact and placed 
into a glass vial containing fixative (glacial 
acetic acid, 37% formaldehyde, 95% etha- 
nol, and distilled water). 

We have devised a disk applicator that 
eliminates any hand contact with the filter 
paper specimen, applies a disk of paper of 
fixed area to the conjunctiva, reduces varia- 
tions in applied pressure, improves cell 
adhesion, and permits more precise target- 
ing of sampling sites. 

The disk applicator comprises three parts 
(Fig 1): (1) a hand-operated vacuum pump 
(Nalgene Vacuum Pumps Ltd, Chelsea, En- 
gland) with a pressure gauge to 76 cm Hg; 
(2) 150 em of clear tubing attached to the 
pump; and (3) an applicator probe (not 
available commercially) that has been fash- 
ioned to allow one to hold it like a pen. The 
part held in the hand is 11.0 cm long and 
1.0 cm in outer diameter, with a hollow 
lumen 0.30 cm in diameter. A 14-gauge 
needle, adapted to fit over the end of the 
probe, with a shaft 4.0 cm long, is bent at a 
30° angle 2.5 cm from where it is welded to 
the body of the probe. The tip of the needle 
is flared into a shallow cup 0.5 em in 
diameter. The surface of the cup is flat with 
a cloverleaf-shaped hole in the center to 
allow for paper adhesion to the cup without 
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Fig 1.—Disk applicator, including a hand-operated vacuum pump (Nalgene), 150 cm of clear 
tubing, and a probe with a flared tip. Inset, Close-up view of flared tip with paper disk. 


sucking paper into the lumen, thereby al- 
lowing even contact of the paper to the 
conjunctiva. This cloverleaf-shaped hole is 
0.3 cm in diameter. 

Disks of cellulose acetate paper are cut 
with a 0.5-cm hole punch and dropped into a 
dry Petri dish. After the tip of the applica- 
«~ tor is placed on top of a single paper disc, 
the pump handle is squeezed once per sec- 
ond to maintain a steady pressure of 50 cm 
Hg. The resulting suction lifts the disc, 
which conforms to the inner surface of the 
shallow cup at the tip of the applicator. 
While suctioning is maintained, the applica- 
tor tip with disk is lightly pressed onto the 
inferotemporal surface of the conjunctiva 
for 1 second, removed, and placed in fixa- 
tive. After each use, the probe can be 
sterilized with a solution of one part bleach 
to 10 parts water and allowed to air dry. 
After fixation, both the disk and strip speci- 
mens are stained with periodic acid—Schiff 
and hematoxylin.” 

We used the disk applicator for one infer- 
otemporal and the two inferonasal locations; 
the strip was used for the other inferotem- 
poral site only, as it was difficult to obtain 
inferonasal specimens with the strips. 

All impression cytology specimens were 
examined by one investigator (D.G.K.), 
who was masked as to the child’s identity, 
the status of the other three specimens 
from that child, and the child’s vitamin A 
status (clinical and biochemical). 

Specimens were graded as “normal” if at 
least five goblet cells were present on a 
sheet of normal epithelium and “abnormal” 
if there were fewer than five goblet cells 
among abnormal epithelium or if keratin- 
ized cells were present. Because goblet cell 
density and conjunctival epithelial morpho- 
logic features can vary with location,” a 
child was considered to be vitamin A suffi- 
cient if either of the two temporal speci- 
mens was normal and was considered to be 
vitamin A deficient if both specimens were 
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abnormal. Unless specified, all results are 
based on the two temporal specimens, one 
being a disk specimen and the other being a 
strip specimen. 

Statistical analyses employed Student's t 
test to test the differences between means 
and the yx” test to assess the differences 
between categorical variables with use of 
the SAS package (SAS Institute, Cary, 
NC). 


RESULTS 


Two hundred thirty-one of 236 chil- 
dren (115 cases and 116 controls) were 
included in the analysis. For five chil- 
dren (2%), both temporal specimens 
were unreadable and therefore were 
not included. Ten (4.8%) of the 231 
children had at least one unreadable 
temporal specimen. One (0.4%) of 231 
was an unreadable disk specimen and 
nine (3.9%) of 231 were unreadable 
strip specimens. These 10 children 
were included in the analysis, with the 
CIC-A reading based on the one speci- 
men. For 66% of the children, classifi- 
cation of inferotemporal specimens ob- 
tained by the disk and the strip was in 
agreement: both were normal (Fig 2) 
or both were abnormal (Fig 3). The 
remaining 34% of children yielded dis- 
cordant pairs of specimens: one was 
normal and the other was abnormal 
(Fig 4). In 73% of the discordant pairs, 
the disk specimens were graded nor- 
mal and the strip specimens were 
graded as abnormal. 

By definition, a child was graded as 
normal if either of the two temporal 
specimens was normal. However, four 
combinations were possible: both spec- 
imens normal, both abnormal, disk 
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specimen abnormal and strip specimen 
normal, and disk specimen normal and 
strip specimen abnormal. Children in 
whom both specimens were normal 
had the highest mean (+SD) vitamin 
A levels (22.2+9.18 g/dL); those in 
whom both specimens were abnormal 
had the lowest vitamin A levels 
(17.5+7.0 g/dL). Those children with 
one abnormal and one normal specimen 
had vitamin A levels between these 
two extremes (21.9+8.4 pg/dL for 
normal disk specimen and abnormal 
strip specimen and 21.0+8.5 pg/dL for 
abnormal disk specimen and normal 
strip specimen). 

Serum retinol levels were obtained 
at baseline. The lower limit of normal 
for serum retinol levels is considered 
20 pg/dL,” although levels in well- 
nourished American children are gen- 
erally twice this figure. For all 
children—both clinical cases and con- 
trols—those with abnormal impression 
cytology results (in both temporal 
specimens) had lower serum retinol 
levels (17.8+7.1 wg/dL) than those 
with normal impression cytology re- 
sults (one or more normal specimens) 
(22.4+8.5 g/dL, P<.0001). 

Importantly, clinically normal, non- 
xerophthalmic controls whose impres- 
sion cytology results were abnormal 
had significantly lower serum retinol 
levels (19.3+7.4 g/dL) than controls 
with normal impression cytology re- 
sults (23.6+8.7 g/dL, P<.01) (Table 
1). While clinical cases of xerophthal- 
mia with abnormal CIC-A results had 
lower serum retinol levels than xe- 
rophthalmic cases with normal CIC-A 
results, their distributions were not as 
clearly separated. 

When CIC-A results were based on 
one temporal specimen, the disk was 
better than the strip specimen at dis- 
tinguishing children with low serum 
retinol levels from those with higher 
values. The difference in mean serum 
values between children with normal 
and abnormal disk specimens was 
4.0 pg/dL (SE=1.1) vs 2.8 pg/dL 
(SE = 1.3) for children with normal and 
abnormal strip specimens. Clinically 
normal controls with an abnormal tem- 
poral disk specimens had lower serum 
retinol levels than those with a normal 
temporal disk specimens. By contrast, 
there were no differences in serum 
retinol levels when these same clinical- 
ly normal children were classified by 
strip specimens as abnormal vs normal 
(Table 2). 

On histologic examination, it was 
expected that nasal specimens would 
provide a more accurate assessment of 
current vitamin A status,” but nasal 
specimens are more difficult to obtain. 
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Fig 2.—Normal conjunctival cytologic impressions with abundant 
goblet cells, sheets of small epithelial cells, and mucin spots. Top, Disk 
specimen from right eye (periodic acid-Schiff and hematoxylin, origi- 
nal magnification x 140). Bottom, Strip specimen from left eye (period- 
ic acid—Schiff and hematoxylin, original magnification x 140). 





Fig 3.—Abnormal conjunctival cytologic impressions showing com- 
plete loss of goblet cells and mucin spots, along with the appearance of 
enlarged epithelial cells. Top, Disk specimen from right eye (periodic 
acid—Schiff and hematoxylin, original magnification x 140). Bottom, 
Strip specimen from left eye (periodic acid—Schiff and hematoxylin, 
Original magnification x 140). 


Fig 4.—Left, Low-power view of abnormal strip from the right eye (periodic acid—Schiff and hematoxylin, x 15). Right, Low- 
power view of imprint of normal disk specimen from the left eye (periodic acid—Schiff and hematoxylin, original magnification 


x 15). Specimens were obtained from the same child. 
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Mean + SD 
23.6 + 8.7t 
19.3 + 7.4t 


Normal 
Abnormal 47 
Total 115 


92 


21.9 + 8.4l| 116 


Mean + SD 
22.4 + 8.5§ 
17.8 + 7.1§ 


Mean + SD No. 
19.0 + 7.1¥ 

17.0 + 6.84 ia 
17.4 + 6.9]| 2311 





* Values represent micrograms of retinol per deciliter. CIC-A indicates conjunctival impression cytology tech- 


nique. 
tP < .01. 
Not significant. 
§P < .0001. 
||P < .0001. 


Among 236 children at baseline, five had two temporal specimens with unreadable results and were not in- 


cluded in the analysis. 


Clinical Status 


Controls 
mAr 
Mean + SD 


CIC-A 
Results 
Disc 
Normal 
Abnormal 
Total 
Strip 
Normal 
Abnormal 
Total 


23.5 + 8.9T 
19.8 + 7.4f 


22.4 + 8.8 
21.3 + 8.3 


Total 
mA u~ 
Mean + SD 


18.8 + 6.9 
16.8 + 6.8 


22.0 + 8.6¢ 
18.0 + 7.2¢ 


21.7 £88 
18.9 + 7.7 


19.3 + 7.8 
17.1 £ Of 





* Values represent micrograms of retinol per deciliter. CIC-A indicates conjunctival impression cytology tech- 


nique. 
tP < .02. 
+P < .0001. 


§Among 236 children at baseline, 15 had at least one temporal specimen that was unreadable and were not 


included in the analysis. 


Table 3.— Serum Retinol Levels for All Children With Abnormal and Normal CIC-A 
Results by Temporal and Nasal Disc * 


Temporal 


CIC-A 
Results 
Normal 
Abnormal 
Total 


———$—$—_—$_S ——————_ 


Mean + SD 
22.9 + 8.7t 
18:2 + 7.27 


Nasal 
ec ee 


Mean + SD 
21.3: £7.77 
18.7 +=: 6.17 





* Values represent micrograms of retinol per deciliter. CIC-A indicates conjunctival impression cytology tech- 


nique. 


+Mean differences: temporal and nasal, 4.70 (SE = 1.12) vs 2.60 (SE = 1.10), not significant. 
Among 236 children at baseline, 20 had at least one temporal or nasal specimen that was unreadable and 


were not included in this analysis. 


Targeting the disk allowed us to ob- 
tain, for the first time, good nasal 
specimens on large numbers of chil- 
dren. The difference in serum vitamin 
A levels between children with normal 
and abnormal temporal specimens was 
greater than between children with 
normal and abnormal nasal specimens 
(Table 3). 

Seventy-three of 231 children had at 
least one specimen with a large num- 
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ber of polymorphonuclear leukocytes 
(PMNs) (>1000 per one low-power 
field); in 39 children, both specimens 
contained PMNs. The presence of 
PMNs did not correlate with either the 
child’s serologic or clinical status. The 
CIC-A specimens containing PMNs 
were more likely to be read as abnor- 
mal. Specimens of 13 (62%) of 21 of the 
controls with PMNs vs 34 (36%) of 94 
of the controls without PMNs were 
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read as abnormal (P<.03). Likewise, 
17 (94%) of 18 of the cases with PMNs 
vs 75 (77%) of 98 of the cases without 
PMNs were read as abnormal, a small- 
er difference that was not statistically 
significant. 

Serum retinol level is not the only 
indicator of vitamin A status; in fact, it 
is known to be quite variable relative 
to clinical signs and other indexes. 
Subjects were divided into subgroups 
that reflected our degree of confidence 
in their true vitamin A status as deter- 
mined by serum vitamin A levels and 
findings of clinical examination (Fig 5). 
As one goes from most deficient vita- 
min A status (children with both night 
blindness and Bitot’s spots and serum 
retinol levels <20 g/dL) to least defi- 
cient vitamin A status (children with- 
out clinical signs and serum retinol 
levels >25 yg/dL), the proportion of 
subjects with abnormal impression cy- 
tology results also declines. Impor- 
tantly, 29 (53%) of 55 clinically normal 
children with serum vitamin A levels 
less than 20 pg/dL had abnormal im- 
pression cytology results. 

The sensitivities and specificities of 
the various assessment techniques are 
shown in Table 4. Based on CIC-A 
positivity rates for cases with serum 
retinol levels less than 20 pg/dL (defi- 
nite deficiency) and for controls with 
serum retinol levels greater than or 
equal to 20 pg/dL (most likely not 
deficient), the sensitivity and specific- 
ity are 82% and 70%, respectively, for 
two temporal specimens. 


COMMENT 


The present study confirms that 
CIC-A detects physiologically signifi- 
cant (P<.001) vitamin A deficiency 
and that such deficiency may affect a 
large proportion of apparently normal 
children. Moreover, the disk method, 
which allows for better targeting of 
specimen location and a more complete 
transfer of conjunctival cells, especial- 
ly normal epithelial sheets and associ- 
ated goblet cells, is better than the 
traditional strip method at discriminat- 
ing children’s vitamin A status. 

It has been suggested that nasal 
specimens may be more reliable than 
temporal specimens in the assessment 
of true deficiency because clinical and 
histologic Bitot’s spots and metaplasia 
are more likely to persist in the tempo- 
ral location following vitamin A reple- 
tion. Biopsy studies that demonstrate 
histopathologic findings associated 
with nonresponsive Bitot’s spots in vi- 
tamin A-sufficient children are almost 
invariably limited to the temporal 
quadrant, sparing the nasal quadrant." 
However, our results indicate that the 
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Fig 5.—Abnormal impression cytology results in all children. The proportion of subjects with 
abnormal results declines from most deficient to least deficient vitamin A status. XN indicates 
night blindness; X1B, Bitot's spots with conjunctival xerosis; normal, normal findings on clinical 
examination; and VA, vitamin A. Vitamin A values are given in micrograms per deciliter. 


Table 4.—Sensitivity and Specificity of CIC-A Compared With Serum Retinol 
Levels and Clinical Signs* 


Serum Retinol 
(<20 vs =20 


ug/dL) 
CIC-A 
(two temporal specimens) 
Clinical signs 
Serum retinol levels 


70 (52) 
57 (58) 


Composite Index 
(<20 ug/dL and Case vs 
=> 20 „g/dL and Control) 


Case vs 
Control 
79 (59) 82 (70) 


63 (52) 





* Values represent sensitivity (specificity [boldfaced numbers in parentheses]) in percents. CIC-A indicates 


conjunctival impression cytology technique. 


temporal CIC-A specimens were at 
least as reliable as nasal specimens in 
separating out those children with vi- 
tamin A deficiency. This is important, 
as temporal specimens are much easier 
to obtain than are nasal specimens. 

The presence of the PMNs on the 
specimen increased the likelihood of 
reading a specimen as abnormal, re- 
ducing specificity. This was surprising, 
as we had earlier found that inflamma- 
tion tends to reverse or otherwise 
mask the clinical appearance of con- 
junctival xerosis and Bitot’s spots.” 
When PMNs are present, a significant 
amount of mucin is present as well, 
with very few epithelial cells in the 
CIC-A specimens, suggesting that the 
paper picks up the first layer it con- 
tacts—PMNs and mucin—and leaves 
behind the epithelial layer. 

Two standard indicators of vitamin 


A status were used jointly in the pre- 
sent study: mean serum retinol level 
and clinical xerophthalmia, as no single 
test defines physiologic truth. The per- 
centage of subjects with abnormal 
CIC-A results was associated with vi- 
tamin A status as defined by this joint 
clinical and biochemical indicator. 
Bitot’s spots may be sequelae of past 
deficiency, which is the reason children 
with Bitot’s spots with night blindness 
were considered more likely deficient 
than Bitot’s spots alone. Twenty (95%) 
of 21 patients with most definite evi- 
dence of vitamin A deficiency (group 1) 
had abnormal CIC-A results. The one 
exception was a borderline-normal 
specimen. At the other extreme, 10 
(26%) of 39 patients least likely to have 
vitamin A deficiency (group 7) had 
abnormal CIC-A results. Of the 10 
abnormal specimens, two had keratin- 
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ized cells, which correlate: with both 
clinical signs and serum retinol levels. 
Eight of the 10 had at least one speci- 
men with PMNs and five of the eight 
had PMNs in both specimens. It is 
possible that PMNs contributed to an 
apparent false-positive rate. 

Impression cytology results were 
abnormal in a large proportion of chil- 
dren at risk for physiologically appre- 
ciable vitamin A deficiency but with 
normal results of ocular examinations. 
Fully 53% of clinically normal children 
with serum vitamin A levels less than 
20 g/dL had abnormal impressions. 
This closely matches the rate of 50% 
found by Natradisastra et al‘ with use 
of the strip technique. Twenty-six per- 
cent of the children least likely to be 
vitamin A deficient had abnormal cy- 
tologic findings either because they 
were actually vitamin A deficient (ab- 
normal dark adaptation has been re- 
corded in adults whose serum retinol 
levels have been as high as the mid- 
30s" [in micrograms per deciliter]) or 
had adequate vitamin A stores with 
nonspecific or persistent forms of 
metaplasia. This proportion is greater 
than that found by Natadisastra et al 
with the strip technique, possibly be- 
cause of differences in techniques. In 
the Natadisastra et al study, if one of 
four specimens (two nasal and two 
temporal) was normal, the child was 
classified as normal, providing a great- 
er opportunity for a normal specimen 
than in our analysis (in which we used 
only two samples per child) and there- 
fore less opportunity to be abnormal. 
Alternatively, there were real differ- 
ences in the children sampled. 

In summary, a higher-quality speci- 
men was obtained with use of the disk 
method with more complete transfer of 
ocular surface cells than possible with 
the original strip technique. We also 
confirmed that impression cytology de- 
tects vitamin A deficiency in children 
without clinically apparent xerophthal- 
mia. Finally, the proportion of subjects 
with abnormal impression cytology 
findings is directly related to the likeli- 
hood that they are truly vitamin A 
deficient as determined by a combina- 
tion of criteria. 

Impression cytology is a useful pop- 
ulation assessment tool. It has been 
employed in populations that were sus- 
pected empirically to be vitamin A 
deficient without serum retinol level 
determinations. To date, CIC-A has 
not been used without clinical assess- 
ment, as, with training, the observa- 
tion can be made without difficulty, 
provides valuable information regard- 
ing clinical prevalence, and identifies 
children who need appropriate follow- 
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up. To use clinical assessment alone, 
however, would require a much larger 
sample size, as the prevalence of clini- 
cally apparent xerophthalmia is much 
lower than that of abnormal CIC-A 
results or result in much wider confi- 
dence limits and lower power for the 
detection of vitamin A deficiency in the 
population. 

Refinements provided by the disk 
method further standardize impression 
cytology for the detection of subclinical 
vitamin A deficiency, simplifying the 
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procedure and improving its ability to 


distinguish deficient populations. The 
high prevalence of metabolically de- 
tectable deficiency revealed by CIC-A 
helps to explain the large impact on 
overall mortality achieved by vitamin 
A supplementation and may prove to 
be the most practical assessment tool 
for the identification of vitamin A-defi- 
cient populations in need of interven- 
tion programs. 
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Relationship of Drusen and Abnormalities of the 
Retinal Pigment Epithelium to the Prognosis of 
Neovascular Macular Degeneration 


Susan B. Bressler, MD; Maureen G. Maguire, PhD; Neil M. Bressler, MD; Stuart L. Fine, MD; the Macular Photocoagulation Study Group 


e We graded macular features of 127 
fellow eyes of participants in the Macular 
Photocoagulation Study who had an ex- 
trafoveal choroidal neovascular mem- 
brane secondary to age-related macular 
degeneration in the first eye and no ini- 
tial evidence of the neovascular form of 
age-related macular degeneration in the 
fellow eye. Our aims were to determine 
the relationship of drusen characteristics 
and retinal pigment epithelial abnormali- 
ties to the risk of subsequent develop- 
ment of neovascularization in the fellow 
eye and the risk of subsequent develop- 
ment of recurrent neovascular mem- 
branes after photocoagulation in the first 
eye. Regression analysis demonstrated 
that the presence of large drusen and 
focal hyperpigmentation of the retinal 
pigment epithelium were independent 
risk factors for the subsequent develop- 
ment of neovascularization in the fellow 
eye (relative risk, 2.4 and 2.5, respective- 


Several retrospective studies’? have 

demonstrated that the risk of devel- 
oping a choroidal neovascular mem- 
brane (NVM) in the fellow eye of a 
patient having a choroidal NVM asso- 
ciated with age-related macular degen- 
eration (AMD) in the first eye is be- 
tween 4% and 12% annually for the 
first 3 years after diagnosis. Gregor 
and associates* and Strahlman and co- 
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ly). Only 10% of eyes with no large dru- 
sen or any retinal pigment epithelial hy- 
perpigmentation compared with 58% of 
eyes with both large drusen and retinal 
pigment epithelial hyperpigmentation de- 
veloped neovascularization in the fellow 
eye within 5 years. Using multivariate 
Cox regression analysis, we noted that 
the risk of developing recurrent neovas- 
cular membranes in the first eye was 
significantly increased when large dru- 
sen (relative risk, 2.8) were noted in the 
fellow eye at the time of laser treatment 
in the first eye. Fundus features in the 
fellow eye appear to help identify pa- 
tients at high risk of developing visual 
loss from recurrent neovascular mem- 
branes following laser treatment in the 
first eye and from development of a neo- 
vascular membrane in the fellow eye. 

(Arch Ophthalmol. 1990;108:1442- 
1447) 


workers’ also have reported that fel- 
low eyes with “larger, confluent dru- 
sen” and “pigmentary changes” were 
at a higher risk of developing a choroi- 
dal NVM. 

The goals of the present study were 
to identify drusen characteristics and 
retinal pigment epithelial (RPE) ab- 
normalities in the fellow eye that were 
associated with an increased risk of 
developing an NVM in the fellow eye 
and to identify characteristics in the 
fellow eye that were associated with 
recurrent neovascularization after pho- 
tocoagulation in the first eye. The pho- 
tographic records of the 236 patients 
with an extrafoveal NVM in one eye 
enrolled in the Senile Macular Degen- 
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eration Study (SMDS) of the Macular 
Photocoagulation Study (MPS) provid- 
ed an excellent resource for this study, 
since 5 years of follow-up had been 
completed for 180 (87%) of the 208 
patients still alive after 5 years. 


PATIENTS AND METHODS 
General Study Information 


The data for this study consist of informa- 
tion received by the MPS Coordinating 
Center for the SMDS as of December 31, 
1988. The study design has been discussed 
in earlier articles“ and the Manual of 
Procedures is available from the National 
Technical Information Service.” 


Patient Selection 


The computer files containing the evalua- 
tions of the MPS Fundus Photograph Read- 
ing Center for the 236 participants in the 
SMDS' were reviewed to identify patients 
who had gradable fundus photographs as 
well as no evidence of the neovascular/exu- 
dative form of AMD in the fellow eye at the 
initial visit. For this study, the terms neo- 
vascular and exudative form of AMD indi- 
cate the presence of disciform scarring or 
signs of choroidal neovascularization, such 
as subretinal blood associated with subre- 
tinal fluorescein leakage on angiography. 
The study eye is the eye of an SMDS 
participant that had an extrafoveal choroi- 
dal NVM at the initial visit that was ran- 
domized to laser treatment or to no treat- 
ment. The fellow eye is the contralateral 
eye of the SMDS participant. “Gradable” 
implies that the quality of the color photo- 
graphs in terms of clarity, field definition, 
and stereopsis was adequate to grade the 
features described below. 


Grading of Fundus Photographs 


The stereo color fundus photographs of 
the fellow eyes that had no evidence of 
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exudation at the initial visit were graded 
independently by two readers (S.B.B. and 
N.M.B.) without knowledge of the subse- 
_ quent course of those eyes and without 
knowledge of treatment assignment or sub- 
sequent course of the first eye. Specifically, 
drusen number, size (<50 or 250 wm), 
presence and degree of confluence (com- 
pared with a standard photograph), and 
morphologic features (hard or soft) were 
identified in a “central” zone (within 
1500 um of the foveal center) and a “peri- 
central” zone (between 1500 and 3000 um 
from the foveal center) using a previously 
described grading scheme.” The presence 
of focal hyperpigmentation of the RPE and 
geographic atrophy of the RPE were deter- 
mined in these two zones by comparison 
with standard photographs of minimal lev- 
els, as previously described.” The presence 
of RPE atrophy that was not considered 
geographic in the central and pericentral 
zones also was determined by comparison 
with a standard photograph of a minimal 
level corresponding to a definition previous- 
ly described." Any differences between the 
two graders were adjudicated by an open 
discussion between the two graders on re- 
review of the color fundus photographs. 


Determining End Points 


The Development of Neovascular/Exu- 
dative AMD in the Fellow Eye.—The de- 
velopment of the neovascular or exudative 
form of AMD in the fellow eye was deter- 
mined from prospective assessment of fun- 
dus photographs and fluorescein angio- 
grams by the MPS Fundus Photograph 
Reading Center. All study patients in the 
SMDS were to have color fundus photo- 
graphs of the fellow eye submitted to the 
Reading Center at study entry, at 3 months 
after study entry, and then semiannually 
for 5 years. Fluorescein angiograms were to 
have been submitted at study entry, at 3 
months after study entry, and then annual- 
ly. The neovascular or exudative form of 
AMD was considered present whenever 
Reading Center staff coded hyperfluores- 
cent leakage, a disciform scar, or a laser 
scar from the follow-up fluorescein angio- 
gram. In addition, a masked review of the 
follow-up color fundus photographs of the 
127 fellow eyes in the study group was done 
by the two readers in 1987. This follow-up 
review was designed for two reasons: (1) for 
comparison with the Reading Center's iden- 
tification from the late 1970s and early 
1980s of the development of the neovascu- 
lar/exudative form of AMD, and (2) for 
future studies on the incidence of develop- 
ing changes in drusen characteristics or 
RPE abnormalities when neovasculariza- 
tion does not develop. For the masked 
review of follow-up color photographs of the 
fellow eyes, only photographs from 3 and 5 
years after enrollment were graded. 

Recurrence in Study Eyes Randomized 
to Treatment.—To investigate the rela- 
tionship of the drusen characteristics and 
RPE abnormalities in the fellow eye with 
the development of recurrence following 
treatment in the study eye, only the partici- 
pants in whom the study eye was random- 
ized to treatment could be analyzed. Recur- 
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rence in the study eye was defined as 
described in a previous MPS publication 
from the Argon SMD Study,” namely, the 
observation, at any time after initial treat- 
ment, of fluorescein leakage along the pe- 
riphery of the treatment scar (contiguous 
recurrence) or the development of leakage 
from a new NVM in the macula that is not 
contiguous with the treatment scar (inde- 
pendent recurrence). 


Statistical Analysis 


The association between two categorical 
factors was assessed through x” tests that 
incorporated a test for trend when one of 
the factors had ordered categories.” The 
relationship of the macular characteristics 
to the development of either new or recur- 
rent neovascularization was first examined 
through x” analyses, which ignore the time 
of development and incomplete follow-up 
for all patients through 5 years. However, 
since fewer than 20% of patients had incom- 
plete information on the development of 
exudation or recurrence due to deaths and 
missed visits, this approach yields percent- 
ages at 5 years and significance levels very 
close to those derived by life-table methods. 
The Cox multivariate regression model was 
used to confirm these relationships and to 
consider two or more factors simultaneous- 
ly.” All of the macular characteristics in the 
central zone were considered to be candi- 
dates for the multivariate models. Table 
values do not sum to the total sample size 
because of ungradable photographs. 


RESULTS 
Patients Eligible for Analysis 


All 236 SMDS patients had a diagno- 
sis of choroidal NVM associated with 
macular degeneration in the study eye; 
in each case, the posterior edge of the 
NVM was to be between 200 and 
2500 ym from the foveal center.’ 
Among the 236 fellow eyes of the 
SMDS participants, 97 (41%) had evi- 
dence of neovascular AMD, 127 (54%) 
had no evidence of neovascular AMD, 
and 12 (5%) had missing or ungradable 
photographs at study entry. Drusen 
and RPE characteristics were not 
graded in the 97 fellow eyes with evi- 
dence of the neovascular form of AMD 
at the initial visit because the presence 
of subretinal fluid, subretinal blood, or 
disciform scarring could obscure the 
presence of these characteristics. 


identification of Neovascular 
AMD in the Fellow Eye 


Of the 127 patients with no evidence 
of the neovascular form of AMD in the 
fellow eye at study entry, the Reading 
Center identified 30 fellow eyes that 
developed angiographically docu- 
mented neovascular AMD during the 
course of follow-up. All 30 cases of 


neovascular AMD detected by the 
Reading Center’s review of follow-up 
fluorescein angiograms were also de- 
tected by the masked graders’ review 
of corresponding follow-up color photo- 
graphs. In addition, three patients had 
signs of neovascular AMD identified 
during the masked review of follow-up 
color photographs in 1987 but did not 
have sufficient leakage on fluorescein 
angiography to meet the standards of 
the Reading Centers definitions of 
neovascular AMD when graded in the 
late 1970s and early 1980s. However, 
on review of these angiograms in 1989, 
these three patients did indeed have 
evidence of choroidal neovasculariza- 
tion with hyperfluorescent leakage as 
defined by the Reading Center's cur- 
rent standards for the Foveal Photoco- 
agulation Study, and have been in- 
cluded as having neovascular AMD for 
this article. 

One other patient had subretinal flu- 
id and blood suggestive of choroidal 
neovascularization on color photogra- 
phy, but there was no subsequent fluo- 
rescein angiography to confirm the de- 
velopment of a choroidal NVM. This 
patient has not been included as having 
neovascular AMD in this article. No 
patients developed a serous detach- 
ment of the RPE (with or without 
evidence of choroidal neovasculariza- 
tion) in the fellow eye during the 
course of follow-up. 


Relationship of Macular Characteristics 
of the Fellow Eye at Baseline to 
Development of Neovascular AMD 


Table 1 shows the relationship be- 
tween specific macular characteristics 
and the development of neovascular 
AMD in the fellow eye within 5 years 
of study entry. In the central zone, an 
increased number of drusen, large dru- 
sen, confluent drusen, or soft drusen 
and the presence of RPE hyperpig- 
mentation were associated with a sig- 
nificantly increased risk of developing 
neovascular AMD. Similar associations 
were present in the pericentral macu- 
lar zone. The strength of the associa- 
tions was stronger in the central zone, 
as evidenced by a wider separation of 
incidence rates between subcategories 
of the characteristics and smaller P 
values. 

Inspection of the absolute number of 
eyes at risk for developing neovascular 
AMD for each macular characteristic 
present at study entry shows that the 
prevalence of each of these macular 
features at study entry is higher in the 
central zone than in the pericentral 
zone (Table 1). Although the data are 
not shown, the probability of having a 
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Table 1.—Incidence of Neovascular Age-Related Maculopathy in the Fellow Eye Within 
5 Years by Macular Characteristics in the Fellow Eye at the Initial Visit 
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*P values from the x’ test of independence for proportions. The test for trend was used for ordered catego- 


tZero to 4 drusen in the central zone; O to 9 drusen in the pericentral zone. 


Five to 19 drusen in the central zone. 


§Twenty or more drusen in the central zone; 10 or more drusen in the pericentral zone. 
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* RPE indicates retinal pigment epithelium. 


macular change in the pericentral zone 
was strongly related to having that 
change in the central zone. Thus, little 
additional information is gained from 
the pericentral zone about the proba- 
bility of a patients developing neovas- 


Macular Characteristic Present, % of Eyes 
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Drusen 
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Soft drusen l ; 

N 56 0 25 27 

109 51 29 22 
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pigmentation 








Nongeographic 
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58 42 


cular AMD once the status of the cen- 
tral zone is known. Subsequent ana- 
lyses in this article will not include 
characteristics of the pericentral zone 
in assessing the risk of neovascular 
AMD in the fellow eye. 
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Several of the central macular 
changes were highly correlated with 
each other (Table 2). Almost all pa- 


tients (98%) with soft drusen had large ` 


drusen, while no patient without soft 
drusen had large drusen. The degree 
of association was almost as strong 
between confluent and large drusen 
and between the number of drusen and 
large drusen. Thus, within this group 
of fellow eyes, classification by size is 
nearly identical to classification by 
morphologic features (soft or hard dru- 
sen) and confluency. Nearly equal per- 
centages of eyes with and without geo- 
graphic atrophy had large drusen, 
indicating independence between geo- 
graphic atrophy and large drusen 
(P=.67). There was a similar lack of 
association between confluent drusen 
and nongeographic atrophy as well as 
between soft drusen and nongeogra- 
phic atrophy. Other combinations of 
characteristics exhibited intermediate 
degrees of association. 

Multivariate life-table analysis was 
performed to evaluate the effects of 
several characteristics on the incidence 
of neovascular AMD in the fellow eye. 
Because of the high correlation be- 
tween several explanatory variables 
(such as large drusen and confluent 
drusen), several models were investi- 
gated. In one model (Fig 1), large 
drusen and focal RPE hyperpigmenta- 
tion were independent risk factors for 
the development of neovascular AMD 
in the fellow eye. The relative risk 
(RR) for large drusen was 2.4 (95% 
confidence interval [CI] [1.1, 5.1]; 
P=.03), and the RR for focal hyper- 
pigmentation was 2.5 (95% CI [1.3, 
4.9]; P=.01). Only 10% of eyes with no 
large drusen and no RPE hyperpig- 
mentation, compared with 58% of eyes 
with both large drusen and RPE hy- 
perpigmentation, developed neovascu- 
lar AMD in the fellow eye within 5 
years. Variables investigated but 
found not to influence the risk of devel- 
oping neovascular AMD included defi- 
nite hypertension, as previously de- 
fined’ (P=.40), cigarette smoking 
(210 cigarettes per day”; P=.73), and 
age (P=.81). 

In another regression model, conflu- 
ent drusen and focal hyperpigmenta- 
tion of the RPE were used as indepen- 
dent risk factors for the development 
of neovascular AMD in the fellow eye. 
Confluent drusen were not as strongly 
associated with neovascular AMD, 
having an RR of 1.8 (95% CI [0.8, 3.9]; 
P=.13). The association of RPE hy- 
perpigmentation with the development 
of neovascular AMD remained strong, 
with an RR of 2.4 (95% CI [1.2, 4.7]; 
P=.01). 
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Fig 1.—Cumulative proportion of fellow eyes developing neovascular age-related macular 
degeneration by follow-up time, stratified by macular characteristics noted in the fellow eye 
within 1500 um of the foveal center at the initial visit. The unbroken line indicates fellow eyes with 
no drusen greater than or equal to 50 um and no retinal pigment epithelial (RPE) hyperpigmen- 
tation (n = 42); line with closed circles, fellow eyes with drusen greater than or equal to 50 um but 
no RPE hyperpigmentation (n= 40); broken line, fellow eyes with no drusen greater than or 
equal to 50 pm but with RPE hyperpigmentation (n = 15); and line with crosshatches, fellow eyes 
with drusen greater than 50 pm and with RPE hyperpigmentation (n = 23). 


Relationship of Macular Characteristics 
in the Fellow Eye at Baseline to the 
Development of Recurrence in Study 
Eyes Randomized to Treatment 


Of the 127 patients with no neovas- 
cular AMD in the fellow eye at the 
initial visit, 62 had study eyes assigned 
to treatment; 23 (37%) of these 62 
patients developed a recurrence. Table 
3 shows the relationship between spe- 
cific macular characteristics in the fel- 
low eye at baseline and the develop- 
ment of recurrence in the study eye 
within 5 years of study entry. The 
drusen characteristics of number, size, 
confluency, and morphologic features 
(P<.05) and RPE hyperpigmentation 
(P=.10) in the fellow eye were associ- 
ated with higher rates of recurrence. 
Atrophy was not associated with re- 
currence. Once again, the macular 
characteristics in the pericentral area 
were more weakly associated with re- 
currence than the central characteris- 
tics (data not shown). 

Cigarette smoking (=10 per day) 
had been identified as a risk factor for 
recurrence in the study eye among 
these patients." Multivariate Cox re- 
gression analysis, including cigarette 
smoking and age, yielded an estimated 
RR of 2.8 (95% CI [1.1, 7.3]; P=.04) 
for patients with large drusen in the 
fellow eye (Fig 2). A similar model 
yielded an estimated RR of 2.2 (95% 
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CI [0.9, 5.6]; P=.08) for patients with 
confluent drusen in the fellow eye. 


COMMENT 


Previous studies have reported that 
fellow eyes with “larger, confluent 
drusen” and “pigmentary changes” 
were at a relatively higher risk of 
developing a choroidal NVM compared 
with eyes without these findings.** Our 
study differs from these previous stud- 
ies in that the design of our study was 
prospective, with up to 5 years of 
follow-up; a larger number of patients 
were studied; macular characteristics 
were graded in a masked fashion with- 
out knowledge of the subsequent 
course or treatment of either eye; and 
a standardized, reliable” classification 
scheme for grading macular character- 
istics was used. 


Identification of Neovascular 
AMD as an End Point 


Although not the main focus of this 
study, we demonstrated that careful 
review of gradable stereo color fundus 
photographs can identify the develop- 
ment of neovascular AMD as accurate- 
ly as a review of fluorescein angiogra- 
phy for leakage due to a choroidal 
NVM. No cases of neovascular AMD 
were identified by angiography that 
were not detected by review of stereo- 
scopic color photographs alone. This 


Table 3.—Incidence of Recurrence in 
the Study Eye Within 5 Years by. 

Macular Characteristics in the f 
Central Zone of the Fellow Eye at the. 

Initial Visit 














No. of 
Eyes Incidence, 
at Risk % p* 






Macular 
Characteristic 
No. of drusen 
0-4 
5-19 
>20 
Large drusen 

(=50 um) 
N 
Y 
Confluent 
drusen 
























Retinal pigment 
epithelial 
hyperpigmentation 

N 

Y 


Geographic atrophy 
N 






52 







Y 
Nongeographic atrophy 
N 45 
Y 13 








* P values from the x? test of independence for 
proportions. The test for trend was used for ordered 
categories. 


finding has important implications 
when evaluating the accuracy of deter- 
mining the prevalence and/or incidence 
of neovascular AMD from clinical stud- 
ies that may use only color photo- 
graphs because of cost or involvement 
of large populations.” This finding 
does not, however, imply that careful 
review of stereo color fundus photo- 
graphs can identify the earliest devel- 
opment of choroidal neovascularization 
(new or recurrent) as accurately as a 
review of fluorescein angiography for 
leakage due to new vessels. 


Relationship of Macular Characteristics 
to Development of Neovascular 
AMD in the Fellow Eye 


Numerous characteristics (Table 1) 
were associated with an increased risk 
of developing neovascular AMD, re- 
gardless of whether that characteristic 
was in the central macula or in the 
pericentral macula. However, the 
presence of each macular characteris- 
tic in the central macula was strongly 
associated with the presence of the 
same characteristic in the pericentral 
macula. Similarly designed studies on 
a larger number of subjects will help to 
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Fig 2.—Cumulative proportion of treated (first) eyes developing recurrent choroidal neovascu- 
larization by follow-up time, stratified by macular characteristics noted in the llow eye within 
1500 um of the foveal center at the time of treatment in the first eye. The broken line indicates 
fellow eyes with no drusen greater than or equal to 50 um (n=27); and unbroken line, fellow 
eyes with drusen greater than or equal to 50 um (n= 30). 


determine if the characteristics in the 
central macula alone can be used to 
identify eyes at high risk of developing 
neovascular AMD. 

The relationship between macular 
characteristics confirmed previous 
findings using this classification 
scheme that there is almost a one-to- 
one correlation between the presence 
of large drusen (>50 wm) and soft 
drusen (drusen with ill-defined, non- 
discrete borders). ” 

The multivariate life-table analysis 
(Fig 1) shows that evaluation of the 
fellow eye macular characteristics can 
identify fellow eyes that are at differ- 
ent levels of risk for developing neo- 
vascular AMD within 5 years. Eyes 
with no large drusen and no RPE 
hyperpigmentation are at low risk 
(about 10%), while eyes with both of 
these macular characteristics are at 
high risk (almost 60%). Since the mod- 
est sample size of the study group 
provided somewhat imprecise esti- 
mates of the risk associated with these 
factors, the true range of risk may be 
broad. Nevertheless, these current 
data could be quite useful in identify- 
ing patients to target for an interven- 
tion aimed at preventing neovascular 
AMD in the fellow eye. 

We speculate that the identification 
of large drusen and/or focal hyperpig- 
mentation of the RPE may be a mark- 
er for the histopathologic finding of 


diffuse thickening of the inner aspect 
of Bruch’s membrane in eyes with 
AMD.”” Green and coworkers” and 
Sarks” have suggested that eyes in 
which the inner aspect of Bruch’s 
membrane is diffusely thickened may 
be predisposed to developing ingrowth 
of vessels from the choriocapillaris 
through breaks in Bruch’s membrane. 
If large drusen and/or fecal hyperpig- 
mentation of the RPE are indeed 
markers for an eye with diffuse thick- 
ening of the inner aspect of Bruch’s 
membrane, this hypothesis would ex- 
plain why these macular changes were 
associated with the development of 
neovascular AMD. 


Relationship of Macular Characteristics 
in the Fellow Eye to the Development of 
Recurrence in the Study Eye 


In this study, large crusen and/or 
confluent drusen in the fellow eye were 
associated with an increased risk of 
recurrent neovascularization in the 
study eye. Previously reported risk 
factors thought to be related to an 
increased rate of recurrence in this 
study group include a history of ciga- 
rette smoking” and presence of disci- 
form scarring in the fellew eye at the 
initial visit.“ Factors reported in other 
studies include systemic hyperten- 
sion,” NVMs located less than 200 um 
from the center of the fovea on initial 
presentation,” and NVMs that are 
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very lightly pigmented.” Such infor- 
mation may help to determine the opti- 
mal frequency of follow-up after treat- 
ment, since early identification of a 
recurrence, before it has a chance to 
extend through the foveal center, may 
allow for photocoagulation of the re- 
currence to prevent or delay further 
visual loss. 

In conclusion, these findings have 
shown that for patients who present 
with a choroidal NVM associated with 
AMD, careful evaluation of the macu- 
lar characteristics of the fellow eye will 
provide useful information concerning 
the prognosis of both eyes. 
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Edited by W. Richard Green, MD 


Metastatic Carcinoma to the Retina 


Clinicopathologic Findings in Two Cases 


Anita M. Leys, MD; Line M. Van Eyck, MD; Bart J. Nuttin, MD; 
Patrick A. Pauwels, MD; Jan M. Delabie, MD; Jacques A. Libert, MD 


è Two cases of metastatic carcinoma 
to the neuroretina are reported. One pa- 
tient had an oat cell carcinoma of the 
lung that was metastatic to the brain and 
retina; this was confirmed postmortem. 
The other patient had metastatic breast 
carcinoma with seeding of tumor cells 
into the vitreous from a focus of retinal 
embolism. The diagnosis was confirmed 
from a vitrectomy specimen. 

(Arch Ophthalmol. 1990;108:1448- 
1452) 


etastasis of a tumor to the retina is 

rare. A review of the literature 
identified 11 cases of retinal metastasis 
from carcinoma’ and 11 cases from 
melanoma of the skin.’ Only a few 
reference books” ”®™® describe the 
features of retinal metastasis. We dis- 
cuss metastasis of an oat cell carcinoma 
to the retina and metastasis of a breast 
carcinoma to the retina and vitreous 
cavity. Both cases were observed by 
us during a 3-year period, which re- 
flects, in part, a coincidence and the 
special characteristics of a university 
referral practice. However, our obser- 
vations also suggest that the disease 
may be less rare than mentioned in the 
literature. 


REPORT OF CASES 


CASE 1.—A 49-year-old man was treated 
in the Department of Neurology at Univer- 
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sitaire ziekenhuizen Leuven, Belgium on 
May 5, 1989, because of multiple neurologic 
symptoms, including dizziness, emotional 
changes, and headaches. Clinical examina- 
tion revealed dysarthria, dysmetria, and a 
left hemiparesis; there were no respiratory 
or eye symptoms. Computed tomography 
and magnetic resonance imaging of the 
brain revealed multiple supratentorial and 
infratentorial nodular lesions, perilesional 
edema, and bulging of the right pons, all 
suggestive of diffuse metastases. The chest 
roentgenogram and computed tomography 
of the lung showed a nodular density in the 
right middle lobe and enlarged mediastinal 
nodes. Pathologic studies from bronchial 
aspiration and brushing and biopsy results 
of the middle lobe bronchus all showed 
evidence of an oat cell carcinoma. 

The positive ophthalmoscopic and fluo- 
rescein angiographic findings were limited 
to a single, white, retinal plaque, temporal 
to the macula of the left eye, with a discrete 
serous retinal detachment and a few hemor- 
rhages on its borders (Fig 1). A partially 
obscured retinal arteriole coursed through 
the lesion and had an abnormal bend that 
was clearly seen during ophthalmoscopy 
and confirmed by the fluorescein angiogra- 
phy. The capillary bed distal to the lesion 
was slightly dilated and two aneurysmal 
dilations were noticed. In the white plaque, 
fluorescein diffused only slowly. Ultrasound 
examination showed a dense echogenic 
mass; the maximal elevation was 2.5 mm 
and the maximal width was 6 mm. The 
lesion resembled a necrotizing retinitis, but 
there were no inflammatory signs in the 
vitreous and in view of the general condi- 
tion, the lesion was thought to be a tumor. 

The patient died on June 12, 1989; post- 
mortem examination was performed and 
the eyes were removed for pathologic ex- 
amination. An oat cell carcinoma originat- 
ing in the middle lobe bronchus of the right 
lung was confirmed. All examined mediasti- 
nal lymph nodes were extensively infil- 
trated by tumor cells. In the liver and 
kidneys, there were multiple areas of in- 
farction. The presence of tumor emboli 
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could not be confirmed. Macroscopic and 
microscopic examination of the brain 
showed oat cell metastases in the cerebrum, 
the cerebellum, and the pons with meninge- 
al seeding. 

The right eye was free of tumor on 
macroscopic and microscopic examination. 
Macroscopic examination of the left eye 
showed a globe 2.5 cm in diameter with one 
single white lesion in the posterior pole 
with a width of 0.5 em. Microscopic exami- 
nation showed that the white mass was a 
retinal tumor that replaced the normal reti- 
na (Fig 2). There was local destruction of 
the lamina vitrea and tumor cells were 
noted in the vitreous overlying the mass. 
The pigment epithelium, however, was in- 
tact. The cells grew in a cohesive mass, 
were small or of moderate size, and had a 
moderate amount of cytoplasm and oval 
basophilic nuclei. Mitotic figures were nu- 
merous and the nucleoli were not promi- 
nent. Most of the tumor cells showed spon- 
taneous necrobiosis. The cell type of the 
metastatic tumor within the eye corre- 
sponded to the original oat cell carcinoma. 
No tumor cells were found in other parts of 
the retina, the choroid, the optic nerve, or 
the anterior segment of the eye. 

CASE 2.—A 42-year-old woman sought 
ophthalmic advice because of blurred vision 
and vitreous floaters in her left eye. Her 
history included treatment for metastatic 
breast carcinoma. She had had a mastecto- 
my in January 1983 and radiotherapy. Be- 
tween September 1984 and September 
1985, she was treated with chemotherapy 
because of cervical and hilar lymphadeno- 
pathy. Her ophthalmologist noticed unusual 
vitreous opacities in front of an area of 
abnormal retinal vessels. He suspected me- 
tastasis and referred her for evaluation and 
treatment. 

We first saw the patient on February 6, 
1986. She complained of progressive float- 
ers in the left eye for 3 weeks. The cor- 
rected visual acuity of the right eye was 
20/20 and of the left eye 20/30, with im- 
provement to 20/20 with a pinhole. There 
was no abnormality of the right eye. In the 
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Fig 1.—Top right and top left, Case 1. The positive ophthalmoscopic findings are limited to a white retinal lesion resembling 
a necrotizing retinitis; a small rim of retinal edema and a few hemorrhages surround the mass. Bottom left and bottom right, 
The fluorescein angiography shows an abnormal bend of the artery crossing the lesion from the medial side and leakage of 
this arterial segment. The capillary bed distal to the lesion is dilated and two aneurysms are noticed. Fluorescein diffuses 


only slowly in the mass. 





Fig 2.—Case 1, microscopic examination of the involved eye reveals a tumor replacing normal retinal architecture. Tumor 
cells extend in the vitreous, but do not invade the choroid. the pigment epithelium is artifactually detached from the retina 


(hematoxylin-eosin, x 53). 
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Fig 3.—Case 2, Top left and top right, Tumor cells and conglomerates of cells are suspended in the posterior vitreous in front 
of the retina, temporal to the macula, and perivascular cuffing is noticed in the areas of the tumor embolism. Bottom left, The 
fluorescein angiography shows capillary occlusions and segmental leakage of vessels. Bottom right, 1 month later the 
cellular infiltration of the vitreous has progressed and neoplastic cells have extended along the inner surface of the retina to 
the macula. 


left eye, collections of cells were suspended 
in the posterior vitreous in front of the 
retina temporal to the macula (Fig 3). The 
ophthalmoscopic examination and the fluo- 
rescein angiography revealed leaking reti- 
nal vessels in the affected area. The retinal 
vessels in other areas were normal. No 
abnormality was seen in the choroid and the 
optic disc was normal. 

Because of the clinical findings and histo- 
ry of immunosuppressive agents, Candida 
enophthalmitis was strongly suspected. Ac- 
cordingly, antifungal treatment was used 
but there was an increase in cellular infil- 
tration and vitrectomy was proposed. The 
operation was carried out by Sangers and 
Libert,” and we summarize the findings 
herein from the surgery, which were also 
published elsewhere. The surgeons did not 
notice any retinal lesion and the case was 
published as a metastatic carcinoma to the 
vitreous. 

Fungal cultures of the vitreous were neg- 
ative. A conventional cytologic preparation 
of the vitreous fluid and a study by light 
microscopy revealed epithelioid cells with a 
nonspecific aspect; the quality of cytologic 
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preparation was rather poer and the diag- 
nosis was not clear.” The examination of 
the vitreous specimen by electron microsco- 
py, however, showed carcinomatous cells, 
highly suggestive of cells of a breast carci- 
noma (Fig 4). The photomicrographs were 
reviewed in the eye patholagy laboratory of 
Johns Hopkins Hospital (Baltimere, Md) by 
W. Richard Green (written communication, 
April 1986) who confirmed the malignant 
metastatic cells. 

Irradiation of the eye was refused by the 
patient. One month after the vitrectomy, 
white nodules resembling those in the vitre- 
ous appeared on the iris. General examina- 
tion also revealed multiple metastases in 
the lymph nodes and bones. Chemotherapy 
was started (fluorouracil, cyelophospha- 
mide, vincristine sulfate, and methotrex- 
ate) together with repeated intravitreal in- 
jections of 1 mg of fluorouracil in order to 
treat remnant vitreal metastasis. The cellu- 
lar deposits on the iris and in the vitreous 
partially regressed but a retimal detach- 
ment with massive vitreous traction oc- 
curred. This complication was not treated. 
The eye remained relatively stable; up to 
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the last eye examination, on June 8, 1987, 
no abnormalities were seen in the right eye. 
In August 1987 cerebral metastases were 
detected. Radiation therapy was given, but 
the patient died shortly after. 


COMMENT 


Two cases of metastatic carcinoma of 
the retina were presented with fluo- 
rescein angiographic documentation 
and pathologic observation. The oat 
cell carcinoma of the lung metastasized 
as a single sharply circumscribed, 
white, retinal mass; a similar metastat- 
ic carcinoma of the retina was de- 
scribed by Smoleroff and Agatston’ 
(stomach), Kennedy et al,’ (rectum), 
Duke and Walsh” (uterus), Koenig et 
al’ (lung), Klein et alf (lung), and 
Young et al (lung). Klein et al’ has 
observed an incipient disc-sized meta- 
static carcinoma; they noticed that ini- 
tially a retinal metastasis may be indis- 
tinguishable from an ischemic infarct 
of the retina; as the tumor infiltration 
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Fig 4.—Case 2, the electron photomicrograph shows carcinomatous cells, highly suggestive of 
breast carcinoma cells: epithelioid configuration, nuclear irregularities and differentiation of 
pseudoexcretory channels (original magnification, x 3900) 


progressed, a denser whitish opacifica- 
tion was produced and at this stage the 
tumor mimicked necrotizing retinitis. 
Our first case presented with these 
features. The neoplastic cells may 
break through the internal limiting 
membrane of the retina and extend 
along its inner surface, or invade the 
vitreous. This was seen in the cases 
reported by Duke and Walsh,’ Koenig 
et al,’ Flindall and Fleming,’ Young et 
al,” Piro et al,’ and in our second case. 
A chronic uveitis and secondary glau- 
coma are complications that led to enu- 
cleation in the case of Duke and 
Walsh,’ Koenig et al,‘ and Flindall and 
Fleming.’ Four articles reported an 
undifferentiated bronchogenic carcino- 
ma metastatic to the retina (Koenig et 
al,* Klein et al,° Levy and DeVenecia,’ 
and Young et al. In the case pub- 
lished by Flindall and Fleming,’ the 
primary site of the carcinoma was un- 
known but the authors suggested it 
might be the lung because of the pecu- 
liar tendency of bronchogenic tumors 
to metastasize to brain and eye. Metas- 
tasis of an undifferentiated broncho- 
genic carcinoma to the iris’ and to 
the orbit” is rare. Metastasis to the 
choroid is relatively common.” 

The publication by Piro et al is the 
only case report with pathologic obser- 
vations of a breast carcinoma meta- 
static to the retina. In that case, the 
vitreous infiltrates led to a diagnostic 
vitrectomy that confirmed metastasis 
to the vitreous. The retina clinically 
had a normal aspect. Postmortem ex- 
amination of the eye 3 months later, 
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however, showed small foci of intrare- 
tinal tumor cells. Zweifach” reported 
on the clinical observation of moving 
retinal and choroidal emboli in a pa- 
tient with metastatic breast carcino- 
ma. Our case of breast carcinoma 
shares with the two former publica- 
tions the feature that, clinically, no 
mass formed in the retina, although 
there was microscopic evidence of tu- 
mor cells in the retinal vessels. 

Features of metastasis from a cuta- 
neous melanoma to the retina are simi- 
lar to those of metastasis of a carcino- 
ma to the retina; in a few cases of 
intraocular metastasis from a cutane- 
ous melanoma, a golden or brown color 
of the vitreous cells and pigmented 
metastatic lesions in the retina and the 
choroid were noticed." Cellular in- 
filtration of the vitreous with or with- 
out retinal or choroidal infiltration is 
also one of the features of a reticulum 
cell sarcoma”; amyloid disease is an- 
other condition to be distinguished.” 
Inflammatory disease, degenerative 
disease, and hemorrhages are other 
more common causes of cloudy vitre- 
ous. In cases of uveitis with vitreous 
opacities in which a metastatic disease 
is suspected and laboratory studies 
have been found negative for patho- 
gens, a diagnostic vitrectomy has 
proven to be most useful in completing 
the clinical observations and in identi- 
fying a tumor. Diagnostic fine-needle 
aspiration biopsy of intraocular tumors 
can be considered in patients who have 
lesions that present major diagnostic 
uncertainty. re 


In most cases, the presence of in- 
traocular metastatic disease is a poor 
prognostic sign. In a series of 168 
patients with ocular and orbital metas- 
tases reported by Ferry and Font,” 
the median survival was seven, 4 
months from the time of ocular orbital 
operation. The mean survival time for 
breast cancer is somewhat longer, and 
shorter for lung cancer. *™” 

Irradiation, chemotherapy, hormon- 
al therapy, laser therapy, observation, 
and enucleation are the treatment 
options for intraocular metasta- 
sis, 704 The therapeutic decision 
depends on the type of the primary 
tumor and the site and extension of the 
metastases. 

Our first patient had diffuse cerebral 
metastases of a lung cancer that was 
considered to be amenable neither to 
chemotherapy nor to irradiation. 

Our second patient refused irradia- 
tion of her affected eye. Considering 
the poor penetration of cytostatics in 
the vitreous, we decided to add intra- 
vitreous injections of 1 mg of fluoro- 
uracil to the systemic chemotherapy. 
In our case, this treatment was effica- 
cious in controlling the tumor growth 
in the vitreous; nevertheless, the eye 
was lost due to vitreous retraction and 
retinal detachment. The subconjuncti- 
val and intravitreous administration of 
antitumor agents is still in an experi- 
mental stage” and further studies are 
needed to determine the role of local 
chemotherapy in the treatment of car- 
cinoma metastatic to the eye. 
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Incorrect Subtitle.—In the article entitled “Early Vitrectomy for Severe Vitreous Hem- 


orrhage in Diabetic Retinopathy,” published in the July 1990 ARCHIVES (1990;108:958-964), 
the subtitle was incorrect. The correct subtitle should be “Four-Year Results of a Ran- 
domized Trial: Diabetic Retinopathy Vitrectomy Study Report 5.” 
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Experimental Pseudomonas aeruginosa Keratitis From 
Extended Wear of Soft Contact Lenses 


Jörg M. Koch, MD; Miguel F. Refojo, DSc; Laila A. Hanninen; Fee-Lai Leong; Kenneth R. Kenyon, MD 


e We used a rabbit model to investigate 
the pathogenesis of soft contact lens—in- 
duced bacterial keratitis. Rabbit eyes un- 
derwent complete tarsorrhaphy for 7 days 
either with (group A, n=14) or without 
(group B, n=13) new sterile soft contact 
lenses. On day 7, an increase in mean 
corneal thickness (20.3% in group A and 
17.2% in group B) was detected. New or 
rabbit-worn soft contact lenses were then 
inoculated with 10’ colony-forming units 
of Pseudomonas aeruginosa or by 0.1 mL 
of P aeruginosa suspension. On day 9, 
conjunctival cultures of all eyes yielded P 
aeruginosa. Corneal infection developed 
in 11 of 14 eyes wearing new or worn, 
contaminated soft contact lenses. Bacteri- 
al keratitis did not develop in any of the 13 
eyes inoculated with P aeruginosa sus- 
pension. Light and electron microscopy of 
infected eyes showed abundant polymor- 
phonuclear neutrophils destroying the epi- 
thelium, basement membrane, and stro- 
ma. Few bacteria could be detected and 
only in the deep stroma. Since bacterial 
suspension alone caused no inflamma- 
tion, soft contact lens—wear appears cru- 
cial to corneal infection in this model. 

(Arch Ophthalmol. 1990;108:1453-1459) 


The increasing prevalence of contact 
lens-related microbial keratitis is a 
major concern in ophthalmology.’ Al- 
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though microbial keratitis has been 
associated with all lens types, patients 
using soft contact lenses (SCLs) are at 
greater risk.” Psewdomonas aerugin- 
osa, known to produce an especially 
rapid and destructive bacterial kerati- 
tis, is frequently cultured from contact 
lens-related ulcerations.*” 

The pathogenesis of contact lens-re- 
lated corneal ulceration is still under 
investigation. Attachment of P aeru- 
ginosa to new, unused hydrogel 
lenses” as well as to hydrogel lenses 
coated with mucin-protein either in 
vitro“ or in vivo” has been demon- 
strated, and proteinaceous coatings 
and deposits on lenses may enhance 
lens infectivity." It has been shown 
that extended-wear SCLs suppress 
aerobic epithelial metabolism, ™®” 
thereby presumably weakening epithe- 
lial resistance to infection. 

Previous animal models induced 
pseudomonal keratitis by creating epi- 
thelial and stromal injury before fitting 
a contaminated contact lens.” Re- 
cently, we devised a new animal model 
for the study of contact lens—induced 
bacterial keratitis in rabbits fitted with 
SCLs under complete tarsorrhaphies 
that produced an exaggerated contact 
lens overwear syndrome.” We also re- 
cently reported a major physiologic 
abnormality of the rabbit cornea fol- 
lowing complete eyelid closure alone.” 

Aswad et al” recently reported a 
significantly greater incidence of 
SCL-associated P aeruginosa keratitis 
in eyes that had undergone tarsorr- 
haphy after the placement of previous- 
ly human- or rabbit-worn SCLs than in 
eyes with new, contaminated lenses. 
They concluded that tear coatings and 
deposits on used SCLs are significant 
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risk factors of bacterial keratitis. This 
issue is important given the presumed 
potential of new or disposable SCLs to 
reduce the risk of SCL-related bacteri- 
al keratitis. 

The purpose of this study is to re- 
port our results on the effect of P 
aeruginosa—contaminated new and 
previously rabbit-worn SCLs, which 
conflict with the opinion that tear coat- 
ings on used SCLs are significant fac- 
tors in SCL-induced bacterial kera- 
titis. 


MATERIALS AND METHODS 


Materials 


Hydrophilic SCLs made of perfileon A 
(CooperVision, San Jose, Calif) with a 70% 
water content, a base curve of 7.7 mm, and 
a diameter of 12.5 mm were used through- 
out the experiment. A single, virulent 
strain of P aeruginosa, harvested from a 
human corneal ulcer, was cultivated in tryp- 
tic soy broth (Difco, Detroit, Mich) at 36°C 
for 15 hours, frost-protected by adding a 5% 
volume of glycerol, and stored at — 70°C in 
small vials. For each experiment, one of 
these vials was thawed, an aliquot trans- 
ferred into fresh tryptic soy broth, and 
incubated at 36°C for another 15 hours. A 
bacterial suspension in phosphate-buffered 
saline of 10° colony-forming units (CFU) per 
milliliter was obtained using methods we 
have described elsewhere.” 

New and rabbit-worn SCLs were con- 
taminated by immersion in 5 mL of a 10°- 
CFU/mL P aeruginosa suspension at room 
temperature. After 60 minutes, the lenses 
were rinsed in phosphate-buffered saline to 
dislodge loosely attached organisms. In an- 
other study, we found that the P aerugin- 
osa attachment to new perfilcon A lenses 
was 1.8x10° (+1.1x10*) bacteria per 
square millimeter and to 24-hour rabbit- 
worn lenses was 7.8 x 10° (+4.2x 10°) per 
square millimeter.” 
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za Table 2.—Conjunctival Cultures Before and 2 Days After Pseudomonas aeruginosa 
Inoculation * 


Before 
Contamination 
(Day 7) After Contamination 
No. Positive (Day 9) 


A Pasteurella, 1; Bacillus, 2; | Pseudomonas, 14 
SCL and Staphylococcus (mixed with 
tarsorrhaphy aureus, 1 Pasteurella, 1 
(n = 14) [worn SCL]); 

S aureus, 3 


2 Days 
No. Positive 
(Subgroup) 


(P aeruginosa only) 


A New SCL and 
P aeruginosa 
(n = 5) 


(SCL and 
tarsorrhaphy) 
(n = 14) 


Worn SCL and 
P aeruginosa 
(n = 5) 

P aeruginosa 
only 
(n = 4) 

B New SCL and 
(tarsorrhaphy P aeruginosa 
only) (n = 4) 

(n = 13) 
P aeruginosa 
(n = 9) 


* SCL indicates soft contact lens. 





Rabbit Model 


Thirty New Zealand white rabbits weigh- 
ing 2.6 to 3.6 kg were used. Anesthesia was 
performed by intramuscular injections of 
0.5 mL of chlorpromazine hydrochloride (25 
mg/mL) and 1 mL/kg of ketamine hydro- 
chloride (100 mg/mL). Ten days before 
starting each experiment, the nictitating 
membrane was excised in the right eye of 
each animal to improve contact lens fit and 
retention, as this procedure has no effect on 
corneal hydration and tear osmolality.” 

After these preparations, all 30 eyes (one 
eye per animal) underwent complete tar- 
sorrhaphy for 7 days. To achieve a secure 
total tarsorrhaphy without ocular surface 
damage, the upper and lower lid margins 
were incised along the gray line and the 
external lamellae of the lid were attached 
with seven or eight 5-0 polypropylene su- 
tures, leaving the internal lamella as a 
smooth interface between the ocular sur- 
face and the externalized sutures. In group 
A, 17 eyes were additionally fitted with a 
new and sterile SCL before lid closure, 
while in group B, 13 eyes were left without 
contact lenses. After 7 days, the eyes were 
reopened, and P aeruginosa contamination 
was performed as follows (Table 1). (In 
group A, three eyes spontaneously devel- 
oped microbial keratitis and were excluded 
from further study.) Five unworn SCLs 
were bacterially contaminated and placed 
on five eyes; five SCLs that had been worn 
during the 7 days of lid closure were rinsed 
in phosphate-buffered saline, bacterially 
contaminated, and replaced on their respec- 
tive eyes; and four eyes received 0.1 mL of 
bacterial suspension only without SCL re- 
placement. In group B, four eyes received 
unworn, bacterially contaminated SCLs, 
and nine eyes were instilled with 0.1 mL of 
bacterial suspension only. (Bacterial sus- 
pension was applied onto the corneal sur- 
face in three drops of 33 uL each over 60 
minutes = 0.1 mL with 10° CFU.) After 
applying bacterially contaminated SCLs or 
bacterial suspension, all lids were resutured 


B S epidermidis,t 1; 
(tarsorrhaphy Pasteurella, 1 
only) 

(n = 13) 
* SCL indicates soft contact lens. 
tCoagulase negative. 


for an additional 2 days. On day 9 after 
initial tarsorrhaphy, the animals were 
killed, and the globes excised for histologic 
examination. 

At each stage of the experiment, the eyes 
were examined by slit lamp, including fluo- 
rescein staining and photodocumentation. 
Corneal thickness was monitored using an 
ultrasonic pachymeter (Cilco, Huntington, 
WVa). On days 7 and 9, conjunctival cul- 
tures on blood and chocolate agar plates 
were performed under aerobic and anaero- 
bic conditions. To ascertain the virulence of 
the P aeruginosa strain, one additional 
cornea underwent linear abrasion followed 
by inoculation of 0.1 mL of bacterial suspen- 
sion, which resulted in stromal ulceration 
within 48 hours. 

Using half-strength Karnovsky’s fixative, 
the entire globe was fixed in situ, and the 
corneas were subsequently divided, pre- 
pared, and examined with a scanning elec- 
tron microscope (Amray 1000A, Lico Inc, 
Bedford, Mass) or transmission electron 
microscope (Philips 410, Philips Export, 
Eindhoven, The Netherlands) employing 
routine techniques. 


RESULTS 


Bacteriologic and Clinical Observations 


The results of conjunctival cultures 
taken on days 7 and 9 are shown in 
Table 2. On day 7, four cultures in 
group A (n=14) and two cultures in 
group B (n=18) were positive for 
Staphylococcus epidermidis and Pas- 
tewrella species. Two days following 
bacterial contaminations (day 9), P 
aeruginosa was noted to be abundant 
in all 27 eyes, independent of SCL 
wear or keratitis development. 

Clinical findings after 7 days of total 
tarsorrhaphy included corneal swelling 
of 20.3+3.9% (group A) and 
17.2+5.0% (group B) (difference not 
significant). Corneal surface abnormal- 
ities comprised areas of epithelial ero- 
sion and punctate irregularities in six 
eyes of group A and seven eyes of 
group B. 

As shown in Table 1, there was a 
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Pseudomonas, 13 (mixed 
with Pasteurella, 1) 


(P aeruginosa only) 





distinct difference in the rates of cor- 
neal infection between those eyes ex- 
posed to P aeruginosa attached to 
contact lenses (11 of 14) and those eyes 
confronted by P aeruginosa suspen- 
sion only (0 of 13). However, no major 
difference in the rate of infection was 
evident with either new SCLs (ulcer- 
ation in seven of nine) or worn SCLs 
(ulceration in four of five). 


Morphologic Observations 


Eyes Without Infection.—After 9 
days of total tarsorrhaphy with or 
without SCLs, corneas without infec- 
tion showed flattening of the superfi- 
cial epithelium and edema of the basal 
epithelium. Overall thinning of the epi- 
thelium to five or six cell layers was 
observed (Fig 1). Areas of epithelial 
erosion showed no bacterial attach- 
ment or polymorphonuclear neutrophil 
(PMN) infiltration, even though abun- 
dant microorganisms had been seeded 
onto these wounds and were still de- 
tectable in conjunctival cultures. 

Eyes with Infection.—Within 48 
hours after bacterial inoculation, PMN 
activity appeared to be dominant (Figs 
2 and 3). In areas of erosions, PMNs 
infiltrated intensively both anterior 
and posterior to the basement mem- 
brane (BM), first focally digesting the 
BM (Figs 2 and 3) and finally produc- 
ing large areas of stromal ulceration. 
Polymorphonuclear neutrophil infiltra- 
tion was not concentrated in areas 
close to the epithelial wound margin, 
where they migrated beneath the epi- 
thelial layer and penetrated BM and 
superficial stroma (Fig 4). 

Remarkably, 48 hours after infection 
neither bacterial colonies nor individ- 
ual P aeruginosa organisms were de- 
tectable in those areas of heavy PMN 
infiltration. Only few single organisms 
could be identified in the deep stroma 
without apparent collagen degradation 
or PMN activity (Fig 5). 
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Fig 1.—Top, After 9 days of total tarsorrhaphy and soft contact lens wear with 
Pseudomonas aeruginosa inoculation on day 7, phase-contrast microscopy 
demonstrates a decrease in the epithelial cell layers adjacent to an area of 
epithelial erosion. Neither significant polymorphonuclear neutrophil infiltra- 





oe eat oa aT RN OTe ena tion nor bacterial attachment are apparent (paraphenylenediamine, original 
—- oo OO —___ magnification x 400). Bottom, By scanning electron microscopy, the edge of 
pi Boat yp hanes ~— ~ an epithelial defect (arrowheads) is shown (original magnification x 100). 


Fig 2.—The edge of a corneal ulceration after 9 days with a soft contact lens 
and total tarsorrhaphy and with Pseudomonas aeruginosa—contaminated 
soft contact lens on day 7. Inset, Top, Scanning electron microscopy shows 
that the focal break in the epithelial basement membrane (BM) (asterisk) is 
resolved. Polymorphonuclear neutrophils (PMNs) are present both anterior 
and posterior to the BM (original magnification x 1000). Inset, Bottom, 
Phase-contrast microscopy. Top, Transmission electron microscopy (TEM) 
of same area shows intense PMN infiltration enveloping the BM. Note exten- 
sive destruction of the anterior stroma (original magnifications x 300 and 
x 2250). Bottom, TEM of adjacent area resolves BM discontinuities (aster- 
isks). Note the partly degranulated PMNs and the delicate fibrinlike material 
attached to the BM (original magnification x 4000). 
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Fig 3.— Top left, Scanning electron microscopy (SEM) from an ulcer margin 48 hours after infection shows epithelial defect 
and intense polymorphonuclear neutrophil (PMN) infiltration (original magnification x 150). Top right, At higher magnifica- 
tion of area circled in top left, collagen destruction associated with PMN activity is resolved, but no bacteria are evident 
(original magnification x 5000). Middle left, Phase-contrast microscopy of the same area confirms SEM findings (para- 
phenylenediamine, original magnification x 300). Middle right, SEM demonstrates most marked PMN attachment immedi- 
ately central to the epithelial defect edge (original magnification x 250). Bottom, Transmission electron microscopy of the 
same area shows termination of epithelial (E) cell layer (arrow) at ulcer margin with adjacent active PMN (original 
magnification x 4000). 
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Fig 4.—Top left, Phase-contrast microscopy; top right, scanning electron microscopy; and middle, transmission electron 
microscopy (TEM) of a partially destroyed basement membrane (BM), which is heavily coated with fine granulated fibrinlike 
materials (original magnifications x 300, x500, and x 3400, respectively). Note relatively few polymorphonuclear 
neutrophils and no bacteria attached to the surface 48 hours after infection. Bottom left inset, phase-contrast microscopy; 


bottom, transmission electron microscopy of similar area shows polymorphonuclear neutrophils insinuated between the 
discontinuous, granulated BM and the stromal surface (original magnifications x 300 and x 6000). 
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Fig 5.—Transmission electron microscopy 
discloses rare Pseudomonas aeruginosa in 
the deep stroma 48 hours after infection. 
There is extensive cellular destruction and 
debris, but no polymorphonuclear neutro- 
phils. The stromal collagen fibrils, however, 
appear intact, although an electron-lucent 
halo (arrow) surrounds the bacteria (original 
magnification x 30 000). 


COMMENT 


Using complete tarsorrhaphy to pro- 
duce corneal hypoxia and to ensure 
SCL retention, we have developed an 
animal model of the contact lens over- 
wear syndrome. Complete lid closure 
reduces the corneal oxygen supply de- 
livered from the tarsal conjunctiva to 
55 mm Hg.™™ In both humans and 
rabbits, 55 mm Hg of oxygen is proba- 
bly below the threshold for normal 
corneal physiology and results in cor- 
neal edema.”” It also is known that 
hydrogel lenses additionally function 
as an oxygen barrier, since the oxygen 
permeability of any hydrogel material 
is too low to allow an oxygen level of 
higher than 55 mm Hg through the 
lens even in open-eye conditions.” 
Thus, after 7 days of complete lid 
closure, rabbit corneas showed stromal 
edema with an average swelling rate of 
20.3% with SCLs and 17.2% without. 
This is about twice the swelling ob- 
served after overnight lid closure 
(8.9%),” and slightly higher than after 
2 days of lid closure (15.9%). 

Hence total tarsorrhaphy both guar- 
antees uninterrupted lens wear to pro- 
duce an overwearing syndrome and 
enhances the effect of extended lens 
wear by reducing the oxygen at the 
corneal surface. In a recent study per- 
formed in primates,” a partial tarsorr- 


haphy was not sufficient to maintain 
SCL wear indefinitely and lenses had 
to be replaced, allowing corneal recov- 
ery in the contact lens-free periods; 
because the SCL-induced corneal dam- 
age was only minor, no infections 
occurred. 

It is obvious that 7 days of total 
tarsorrhaphy do not approximate the 
actual clinical conditions of extended 
SCL wear. Nonetheless, because the 
only eyes that developed keratitis 
were those exposed to a P aeruginosa- 
contaminated contact lens and none of 
the eyes contaminated with bacterial 
suspension alone developed keratitis, 
our model appears to be highly specific 
for SCL-induced corneal infection. 
Even corneal epithelial erosions, which 
were present in nine of 13 eyes, ap- 
peared resistant to P aeruginosa at- 
tachment and invasion as long as bac- 
teria were presented in a suspension 
rather than as colonizing a SCL. In 
contrast, Klotz et al” found P aerugin- 
osa adherence to partial-thickness epi- 
thelial defects induced by filter paper 
impression on the rabbit cornea. Also, 
Spurr-Michaud et al” observed, in an 
in vitro system, that full-thickness epi- 
thelial defects showed extensive P aer- 
uginosa binding. In vivo studies by 
Hyndiuk,” Stern et al,” and Duran et 
al” were able to induce bacterial at- 
tachment and keratitis enly following 
epithelial-stromal wounds. 

In contrast to the foregoing studies, 
the corneal injury in our model devel- 
oped as a consequence of total tarsorr- 
haphy. Thus, when a bacterially con- 
taminated SCL was placed on the 
hypoxia-compromised cornea, bacteri- 
al invasion could no lenger be re- 
strained and severe corneal infection 
resulted. Why, then, does SCL wear 
change the ocular surface environment 
so that the normally infection-resistant 
cornea develops microbial keratitis? It 
is known that the first PMN response 
in corneal infections 4 hours after in- 
fection begins in the tear film, phago- 
cytosing and digesting bacteria.” Not 
until 48 hours after infection do PMNs 
migrate in a second wave from the 
limbus through the corneal stroma. ”” 
It is also known that the tear film 
exchange beneath a properly fitted 
SCL is negligible.” Hence, a contact 
lens and the reduced tear flow beneath 
the lens might limit the accessibility of 
the PMNs to infected cornea, thereby 
allowing P aeruginosa to attach and 
invade the corneal surface. Corneal 
edema and inoculum release from the 
contact lens may be two additional 
components with epithelial defects and 
the presence of bacteria on the eye, 
which spur the development of micro- 
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bial keratitis in association with con- 
tact lens wear. 

In our experiment, there was no 
difference in the rate of infection when 
inoculating P aeruginosa attached to 
new (seven of nine) or worn lenses 
(four of five). This was unexpected in 
view of previous reports by Butrus et 
al,” who detected less bacterial attach- 
ment to new lenses, and DiGaetano et 
al,“ who found a nonsignificantly high- 
er rate of infection in rabbits with 
mucin-coated vs noncoated SCLs, as 
well as the recent report by Aswad et 
al.” Based on our results, we believe 
that the condition of the corneal sur- 
face and the altered physiology be- 
neath SCLs that allow bacterial at- 
tachment and invasion are more 
important than the actual amount of 
bacteria on new or coated lenses. 
Thus, as long as a critical amount of 
organisms necessary to produce corne- 
al infection is present on a lens-bearing 
eye, the clinical relevance of lens coat- 
ing on microbial infectivity remains 
speculative. 

Our experimental protocol differs 
somewhat from that of Aswad et al”; 
however, these experimental differ- 
ences cannot account for the most im- 
portant disparity of results—we found 
bacterial keratitis to develop with the 
same approximate frequency regard- 
less of whether the contaminated 
SCLs were new or previously rabbit- 
worn, whereas Aswad et al” essential- 
ly found bacterial keratitis only with 
previously worn lenses. 

The implication of these seemingly 
contradictory results is important for 
the human use of SCLs. If the results 
of Aswad et al” represent the human 
SCL situation, the infection rate 
should increase in patients who wear 
SCLs with protein coatings and depos- 
its, which, in most cases, should corre- 
late with the time that the patient 
wears the same lenses. Conversely, 
the use of disposable lenses should 
decrease the number of SCL-related 
infections. However, if our results rep- 
resent the human SCL situation, bac- 
terial keratitis will occur in predis- 
posed corneas with contaminated 
SCLs regardless of the amount of pro- 
tein deposits on the lens, or even with 
new or disposable lenses. This inter- 
pretation is consistent with the recent 
case-control study of SCL-related mi- 
crobial keratitis by Schein et al,” who 
found that the age of the lens and 
frequency of lens cleaning (and pre- 
sumably the amount of proteinaceous 
coating on the SCLs) were not signifi- 
cantly related to the risk of ulcerative 
keratitis. Several reports of bacterial 
keratitis related to the newly avail- 
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able, disposable SCL (and hence pro- 
tein-coating free)** also have ap- 
peared, although the incidence of such 
infection is still unknown. Clearly, ad- 
ditional investigation of this issue is 
essential to shape future directions for 
safe SCL use. 
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A Comparison of Wound Healing in Sutured 
and Unsutured Corneal Wounds 


Gerrit R. J. Melles, MD, Perry S. Binder, MD 


èe We compared corneal wound heal- 
ing in 25 clear transplants with 26 kerato- 
tomy specimens and sutured and unsu- 
tured corneal wounds in a monkey 
model. Monkey wounds healed faster 
than human wounds, but healing time 
within the same species varied. Sutured 
wounds were characterized by subepi- 
thelial fibroplasia, recovery of collagen 
fiber continuity and absence of epithelial 
plugs. Unsutured wounds had no sub- 
epithelial fibroplasia but had fibroblasts 
and collagen fiber orientation parallel to 
wounds. Unsutured wounds in corneas 
containing sutures had subepithelial fi- 
broplasia, and fibroblast orientation and 
fiber deposition parallel to the wound. 
Epithelial ingrowth and incarceration 
of Bowman’s layer and/or Descemet’s 
membrane in unsutured wounds ap- 
peared to disrupt wound healing. Abnor- 
malities in wound healing in sutured or 
unsutured wounds are associated with 
lamellar distortion, a modified inflamma- 
tory response, and individual wound 
healing responses. 

(Arch Ophthalmol. 
1469) 


1990;108:1460- 


R adial keratotomy achieves its effect 

by incising stromal fibers allowing 
the midperipheral cornea to bulge, 
which produces a concomitant flatten- 
ing of the central cornea.” Several 
clinical observations have suggested 
that wound healing following kerato- 


tomy is delayed or incomplete, at least 
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in the first few years after surgery. 
Progressive flattening of the cornea 
associated with a progressive hyper- 
opic shift was first documented by 
Deitz and Sanders’ and has since been 
confirmed by others. Late-onset bacte- 
rial keratitis,* recurrent epithelial ero- 
sions,’ anterior membrane dystrophy,’ 
stellate iron lines,’ and traumatic 
wound rupture,” which have been re- 
ported to occur following keratotomy 
procedures, may be related to abnor- 
malities in wound healing. Morphologic 
studies” of radial and astigmatic ker- 
atotomy specimens have substantiated 
features consistent with incomplete 
and/or abnormal wound healing. 

Lack of wound apposition may be 
responsible for the documented fea- 
tures; changes in intraocular pressure, 
eyelid pressure, or the tendency of 
Bowman's layer to gape could all act in 
combination to inhibit closure of the 
anterior corneal wound. A previous 
study by Anderson and coworkers” 
has documented that the tear film neu- 
trophil response to a keratotomy inci- 
sion is significantly lower than that 
seen following a thermal burn. Previ- 
ous morphologic studies of sutured cor- 
neal wounds following penetrating ker- 
atoplasty®™* have not demonstrated 
the same morphological features as 
seen following keratotomy procedures. 
However, the clinical and morphologi- 
cal abnormalities following keratotomy 
procedures may not merely be ex- 
plained by the absence of sutures, 
since wound healing following pene- 
trating keratoplasty is often slow and 
abnormal.” To study the effects of 
suturing corneal wounds, we per- 
formed an analysis comparing sutured 
wounds following corneal transplanta- 
tion in humans and in a monkey model 
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with unsutured wounds following vari- 
ous keratotomy procedures in humans 
and in monkeys. 


PATIENTS AND METHODS 


Twenty-five human clear corneal speci- 
mens from 23 patients obtained 4 months to 
43 years following penetrating keratoplasty 
(sutured wounds) (Table 1) and 26 clinical 
keratotomy specimens from 22 patients ob- 
tained 5 to 70 months following various 
keratotomy procedures (unsutured wounds) 
(Table 2) were studied. Sutured and un- 
sutured keratotomy wounds were also stud- 
ied in 10 eyes of five adult (8- to 11-year-old) 
female monkeys (Macaca fascicularis), 
weighing 8 to 10 kg. 

Animals were housed and treated accord- 
ing to the Association for Research in Vi- 
sion and Ophthalmology resolution for ani- 
mal care. All keratotomy procedures were 
performed by one of us (P.S.B.) following a 
previously described protocol.” All mon- 
keys underwent bilateral, modified trape- 
zoidal keratotomy procedures, using one 
tangential and two semiradial incisions in 
each half of the cornea. Semiradial incisions 
were made from the optical clear zone to 
the limbus (downhill centrifugal; “Ameri- 
can” technique) or from the limbus to the 
optical clear zone (uphill centripetal; “Rus- 
sian” technique) (Fig 1). Monkey 5 had four 
additional semiradial incisions made in each 
eye 2 months postoperatively. No refrac- 
tive or keratometric data were recorded. 

In the right eye of monkey 1, two inter- 
rupted 10-0 nylon sutures on a four-wire 
needle (CU-5, Alcon Laboratories, Fort 
Worth, Tex) were placed in the superior 
tangential and semiradial incision at the 7 
o'clock position of the eye. In the left eye, 
one suture was placed in the semiradial 
incision at the 11 o’clock position and two 
interrupted sutures were placed in the infe- 
rior tangential wound. In monkey 2, two 
interrupted sutures were placed in the se- 
miradial incision at the 11 o’clock position 
and the inferior tangential incision of the 
right eye, and in the superior tangential 
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Table 1.—Clinical and Surgical Data From Human Clear Corneal 
Transplant Specimens * 


Patient No./ Time to 
Age, y/ Postoperative 
Sex Removal 


1/81/F 


2/78/F 


3/71/M 


4/74/M 69 mo WG 
5/47/F 17 y B 
6/54/F Unknown WG 
T/77/F 33 mo B 


8/73/F 





9/73/F Ty WG 


10/62/F 





11/71/M Unknown WG 


12/68/M 


13/85/F 


14/65/M 3y B 
15/42/F 13 y B 
16/35/M 15 y B 
17/76/M Unknown WG 
18/76/M Unknown WG 


19/98/F 





20/98/F Unknown WG Fuchs’ dystrophy P "E 





21/42/M Ey B 





22/77/F 


23/59/M 


24/73/F 


25/77/F Unknown WG 


* WG indicates whole globe; B, button; ABK, aphakic bullous keratopathy; PKP, penetrating keratoplasty; PBK, 
pseudophakic bullous keratopathy; ECCE, extracapsular cataract extraction; HSV, herpes simplex virus; and 


Ruiz, Ruiz trapezoidal keratotomy. 
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History 


L$ $$$ 
Specimen 


Symptom Outcome Date 


Rejection 


Primary donor failure 2nd PKP 8/83 





Steep pediatric cornea 3rd PKP 6/84 
Fuchs’ dystrophy 
2/82 
Astigmatism 
Death 12/84 
Fuchs’ dystrophy PKP 5/79 
Death 2/85 
PKP 1968 
2nd PKP 6/85 
Unknown 
Fuchs’ dystrophy PKP 11/82 
Steepening 2nd PKP 8/85 
Possibly ABK 
Rejection 2nd PKP 6/80 
Death 11/85 
Possibly ABK PKP 2/79 
Death 11/85 


Interstitial keratitis 
2nd PKP 6/74 
3rd PKP 11/85 


Thinning, Descemetocele 
Partial failure 

Unknown 

Trauma leucoma 
Astigmatism as 
Death 10/86 
Rotating autograft 


and interstitial 
keratitis 





Failure and astigmatism 2nd PKP 11/86 


Fuchs’ dystrophy PKP 1983 
Astigmatism 2nd PKP 11/86 
Keratoconus PKP 1973 
Astigmatism 2nd PKP 11/86 
Keratoconus PKP 1972 
Astigmatism 2nd PKP 2/87 
Unknown 

Unknown 


Fuchs’ dystrophy 


2nd PKP 9/79 


Death 
KP 

Keratoconus PKP 8/73 
Astigmatism 
Astigmatism 
HSV keratitis 
Astigmatism 
Decreased visual acuity 2nd PKP 
Keratoconus 
Astigmatism 
2nd PKP 


Astigmatism 


2nd PKP 
Unknown 


and the semiradial incision at the 5 o’clock 
position of the left eye (Fig 1). All knots 
were buried. No sutures were used in mon- 
keys 3 through 5 (Fig 1). Monkeys 1 and 2 
were killed 2.5 months after surgery, mon- 
keys 3 and 4 after 8 months, and monkey 5 
after 4.5 months. Sham suturing proce- 
dures were not performed. 

Following enucleation, each monkey cor- 
neal-scleral rim was gently excised from the 
globe. Human specimens were sent to our 
laboratory in buffered formaldehyde or glu- 
taraldehyde. All human and monkey cor- 
neas were divided into portions for light 
microscopy, transmission electron micros- 
copy, scanning electron microscopy, or his- 
tochemical analysis. The unfixed specimen 
quadrants intended for light microscopy 
were fixed in 10% neutral-buffered formal- 
dehyde and embedded for histologic analy- 
sis. Paraffin sections were stained with 
Masson’s trichrome, periodic acid—Schiff, 
and alcian blue. Quadrants intended for 
transmission electron microscopy were 
fixed in 2.5% glutaraldehyde/2% parafor- 
maldehyde in 0.1 pmol/L cacodylate buffer 
(pH 7.3, 340 mOsm), and postfixed in 2% 
osmium tetroxide in 0.1 pmol/L cacodylate 
buffer for 1 hour. The specimens were then 
dehydrated in a graded series of ethanol, 
followed by intermediate changes of propy- 
lene oxide and embedded in epoxy resin 
(Poly bed Epon 812, Polysciences, Warm- 
ington, Pa). Ultrathin sections were pre- 
pared and stained with 2% aqueous uranyl 
acetate, followed by Reynold’s lead citrate. 
Sections were evaluated with a transmis- 
sion electron microscope (HU 11E, Hitachi, 
Japan) at 75 kV. Specimens designated for 
scanning electron microscopy were dehy- 
drated through two changes of 100% etha- 
nol for 10 minutes each and then were 
critical point dried in a dryer (Samdri-790, 
Tousimis, Rockville, Md) using liquid car- 
bon dioxide. Specimens were sputter-coat- 
ed with a mixture of gold and palladium and 
examined using a Hitachi S-520 scanning 
electron microscope at 20 kV. 

One-micrometer sections were cut per- 
pendicular to the semiradial incisions and 
stained with toluidine blue O. All sections 
were viewed and photographed at x 150 
and x450 magnification (Olympus Vanox 
light microscope). The recipient side of two 
corneal transplant wounds could not be 
evaluated due to its absence in the corneal 
button. 

In determining the phase of wound heal- 
ing the following criteria were used: (1) size 
and diameter of the epithelial plug (when 
present), thickness of the epithelial layer, 
and presence of a basal lamina; (2) orienta- 
tion of fibroblasts and their metabolic activ- 
ity as judged by the amount of rough endo- 
plasmatic reticulum and Golgi apparatus; 
and (3) presence, extent, and nature of the 
polymorphonuclear or mononuclear inflam- 
matory reaction. 


RESULTS 


Twenty-five human clear corneal 
transplant (sutured) wounds from 23 
patients (Table 1) were compared with 
unsutured wounds in 26 human radial 
and astigmatic keratotomy specimens 
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obtained from 22 patients (Table 2). 
In four eyes of two monkeys, six su- 
tured wounds were compared with 10 
unsutured wounds within the same 
eyes, and with unsutured wounds 
made in six control eyes (three mon- 
keys) that did not contain sutures (Fig 
1) Sutured and unsutured wounds 
were compared within the same cornea 
in five human specimens that con- 
tained both corneal transplant and ker- 
atotomy wounds (Table 1). 

Complete wound healing was found 
in all but one of the sutured human 
(transplant) wounds. All sutured 
and most unsutured monkey wounds 
showed complete wound healing as 
early as 2.5 months after surgery, 
although epithelial plugs were still 
present in unsutured monkey wounds 
8 to 22 months after surgery (G.R.J.M. 
and P.S.B., unpublished data, 1990). 
Epithelial plugs varying in size and 
diameter were also found in 17 (65%) of 
the human keratotomy specimens. The 
phase of wound healing within these 
unsutured incisions correlated poorly 
with the postoperative time. Epithelial 
plug formation was absent in some 
specimens 6 months after operation, 
whereas it was present up to 4 years 
after surgery in other specimens. Al- 
though keratotomy wounds appear to 
heal much faster in monkeys 
(G.R.J.M. and P.S.B., unpublished 
data, 1990), ™” the evaluation of human 
and monkey keratotomy specimens 
suggested that wound healing may also 
vary considerably between individuals 
within the same species. 


Inflammatory Cells 


In sutured monkey wounds, an ex- 
tensive, bilateral, lymphocytic inflam- 
matory reaction surrounded the su- 
tures (Fig 2); the intensity of the 
reaction differed between the two 
monkeys with sutured wounds. Exten- 
sive fibroblastic proliferation was pres- 
ent over each suture. In this same 
area, Bowman’s layer was not visible; 
the epithelium protruded anteriorly 
over the wound. Only minimal inflam- 
matory activity was seen in the su- 
tured and unsutured human specimen 
wounds. 


Epithelium 


The epithelium completely covered 
the wound area in all but one of 
the human sutured corneal transplant 
wounds. Epithelial thickness depended 
on the apposition of the underlying 
Bowman’ layer and stroma (Fig 3). In 
some specimens, the cut edges of the 
donor and recipient were badly ap- 
posed, producing a deformation at the 
incision site. In other specimens, stro- 
mal proliferation over the wound area 
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Patient No./ Time to History 












Age, y/ Postoperative —cĖŐ— 
Sex Removal Specimen Symptom Outcome Date 








1/46/M 6 mo B Keratoconus RK 4/83 
Apical scarring PKP — 10/83 
Lamellar resection 8 RK 2/82 


Undercorrection 





2/43/M 21 mo 

























3/43/M 43 and 54 


mo 





4/25/M Unknown WG 


6/70/M 22 mo 





Unknown 








8/39/F 











9/44/M 2y 





10/25/F 11 mo WG 


11/25/F 12 mo WG 














12/35/M 70 mo 


17 mo 








13/36/F 5 and 7 mo 







14/31/M 21 and 26 mo 








15/48/M Unknown B 





16/74/F 6 mo B 


17/33 Unknown WG 


extended through the gap between the 
host and donor Bowman's layer. The 
elevation resulting from the unequal 
surface was corrected by the epitheli- 
um, which varied in thiekness from 2 
to 15 layers in an attempt to produce a 
smooth surface (Fig 3). In one speci- 
men that had undergone a trapezoidal 
keratotomy procedure following pene- 
trating keratoplasty, an epithelial plug 
was present in the presumed trans- 
plant wound. In this wound a tangen- 
tial keratotomy incision had been made 
in the graft-host interface, according 
to the operative report. 

In contrast to sutured transplant 
wounds, apparent epithelial ridges 
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Lamellar resection 


Unknown RK 


5/25/M Unknown WG Unknown RK 
Death 7/85 
B 


Removal 





Unknown 





11 and 12 mo Lamellar resection 


Undercorrection 
Lamellar resection Astigmatism 
Astigmatism 
Astigmatism 





Keratoconus 


Poor visual acuity 
High myopia (over 30 






Scarring 






Astigmatism 
Irregular astigmatism 


Unknown 64 RK To 
PKP 12/86 
Ruiz 5/86 

Poor visual acuity PKP 11/86 


Unknown RK 
















Death 7/85 






EKP 11/81 


ť— 


Ruiz 2/84 













8 RK nE 
Death 1/86 











3/85 













4 RK 5/84 
Death 4/85 
8 RK 4/84 
Death 4/85 










irregular incisions 
and multiple cross incisions) 















2nd Ruiz 12/84 























Death 12/86 





were disclosed by light and scanning 
microscopy over unhealed human kera- 
totomy incisions (Fig 4). In three 
(12%) human keratotomy specimens 
whose anterior wounds were unap- 
posed, the wound was only partially 
filled with epithelial cells, possibly due 
to artifactual reopening of the inci- 
sions. In contrast, the epithelium over- 
lying well apposed, healed keratotomy 
wounds was smooth. The same mor- 
phological features were seen in the 
monkey specimens—sutured wounds 
were covered with a smooth epitheli- 
um over local ridges of stromal prolif- 
eration (Fig 5, left). Epithelial ridges 
were found over unhealed unsutured 
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(cont) © 


wounds. No epithelial ridges were 
a i 5 ma i seen in the completely healed unsu- 
Patient No./ Time to History tured wounds (Fig 5, center and right). 
Age, y/ Postoperative _— A i In most transplant and keratotomy 
Sex Removal Specimen Symptom Outcome Date wounds, a basal lamina was present 
18/42/F 26 mo Lamellar resection underneath the epithelium and in epi- 
Astigmatism 12/84 ___Ruiz thelial plugs (Fig 6). When Bowman's 

Hyperopia layer was absent, the epithelium had 

19/28/M Sand 14mo B Sres an irregular basal layer, consisting of 


8 RK 10/86 small round basal cells (Fig 3). 
Broad scars 


20/42/M 6 mo Keratoconus Bowman’s Layer 


Sada al In four (16%) of the human trans- 
Astigmatism 2nd PKP 7/80 


plant wounds, a second break was seen 
in the donor Bowman’s layer, close to 
the break where the penetrating inci- 
sion was made. Such fractures may be 
due to changing the trephine position 
prior to trephination to forceps ma- 
nipulation of the tissue at the time of 
surgery, or to damage produced with 
scissors during keratoplasty (Fig 7). 
None of the transplant wounds had a 
separation of Bowman’s layer from the 
underlying stroma. Bowman's layer 
was absent over the wound in eight 
(32%) specimens (Fig 3). Incarceration 
of Bowman's layer was found in five 
(20%) transplant wounds. None of 
these specimens had stromal wound 


f p ; s , 
* B indicates button; WG, whole globe; RK, radial keratotomy; PKP, penetrating keratoplasty; MKM, myopic = 2 or Op -An mer owth related 

keratomilusis; EKP, epikeratoplasty; Ruiz, Ruiz trapezoidal keratotomy; PBK, pseudophakic bullous keratop- O the incarceration. 

athy; HSV, herpes simplex virus; and ECCE, extracapsular cataract extraction. Three (12%) of the human kerato- 


k tomy specimens with excessive epithe- 
lial ingrowth had incarceration of Bow- 
man’s layer (Fig 4) or a separation of 
the membrane from the underlying 
stroma. Bowman’s layer was well ap- 


21/77/F 8 mo HSV keratitis 
Astigmatism 
Poor visual acuity 2nd PKP 10/85 
22/59/M 20 mo Keratoconus 
Astigmatism 12/84 
Astigmatism 2nd PKP 8/86 
23/71/M 11 mo Fuchs’ dystrophy 
ECCE 2/82 
Astigmatism 
Death 12/84 
24/68/M Unknown Trauma leucoma 
Astigmatism T 
Death 10/86 
25/31/M 26 mo Lie 16 RK 4/86 
Death 6/88 
25/31/M 27 mo J: 12 RK 3/86 
Death 6/88 





Fig 1.—Schematic representation of the ker- 
atotomy and suture patterns that were per- 
formed for this study in 10 monkey eyes. 


O 
O 


Fig 2.—Two sutured monkey wounds 2.5 months after operation. Subepithelial fibroplasia 
(arrows) is present over the wound area (W) and over the suture (S). Over the latter area the 
epithelium is pushed anteriorly and Bowman's layer is absent (toluidine blue O, original 
magnification x 130). Inset, an extensive lymphocytic inflammatory reaction (arrowheads) 
surrounds the suture tract (toluidine blue O, original magnification 80). 


Monkey 1 


Monkey 2 


Monkey 3 


Monkey 4 


BOSE ee 
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Fig 3.—Human transplant wound 11.5 years after operation. Incarcer- 
ated recipient stroma (dashed line) results in an unequal surface that is 
leveled off by the epithelium varying in thickness from 6 to 11 layers; 
note how fibroblasts remain oriented parallel to the incarceration. 
Subepithelial fibroplasia (arrow) extends centrally. Underneath the 
“S”-shaped host-donor junction a continuous endothelial cell layer is 
visible (arrowhead) (toluidine blue O, original magnification x 230). 





Fig 4.—Human keratotomy wounds 21 to 26 months after operation. 
Reincision of the initial wound created a second wound (arrows) 
resulting in fragmentation and incarceration of Bowman's layer (ar- 
rowheads). Note the epithelial ridge over the unhealed wound, and the 
lamellar compression apparently due to scar contraction (toluidine 
blue O, original magnification x 135). 


Fig 5.—Left, Sutured monkey keratotomy wound 2.5 months after operation. The wound is characterized by minimal 
lamellar distortion, recovery of fiber continuity and subepithelial fibroplasia through the gap in Bowman's layer (arrow) 
(toluidine blue O, original magnification x 235). Center, Unsutured monkey keratotomy wound within the same eye. Note 
that the wound shows sutured wound characteristics — subepithelial fibroplasia (arrow) —and unsutured wound character- 
istics—lamellar compression by scar contraction—and fibroblast orientation and collagen deposition parallel to the wound 
especially in the midstromal region (toluidine blue O, original magnification x 235). (Compare with Fig 8, center and right.) 
Right, Unsutured monkey keratotomy wound in a control eye without sutures 8 months after operation. Subepithelial 
fibroplasia is absent. The broad scar shows no evidence of recovery of the normal lamellar structure. In the midstroma, 
fibroblasts oriented parallel to the wound appear to have deposited collagen fibers in the same direction (toluidine blue O, 


original magnification x 235). 
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Fig 6.—Unsutured monkey wound 8 months 
after operation. A basal lamina (arrows) is 
present underneath the epithelial cells (EP) 
overlying the wound area. In the adjacent 
newly formed anterior stroma (ST) a basal 
lamina remnant (arrowheads) can be seen 
(original magnification x 27 600). 


posed in completely healed wounds, 


* but was malapposed or unapposed in 


wounds containing an epithelial plug. 
Isolated fragments of Bowman's layer 
were found in wounds that had been 
reopened during a repeated kerato- 
tomy procedure (Fig 4). 


Stroma 


In contrast to perpendicular scar 
configuration characterizing kerato- 
tomy wounds, transplant wounds most 
often showed a great variety of side- 
ways “V” or “S” shaped junctions be- 
tween donor and recipient (Figs 3 and 


_7). None of these wounds had an epi- 


Y thelial plug, except for one transplant 


t 


wound that had been reincised. Lamel- 
lar distortion in sutured monkey 
wounds was generally very mild or 
absent; wound compression and malap- 
position were minimal (Figs 2 and 5, 
left). Transmission electron microsco- 
py revealed these wounds to have fair- 
ly regular compact collagen fiber depo- 
sition compared with unwounded areas 
within the same eye (Fig 8, left). Five 
human specimens obtained 11.5 to 43 
years following transplantation 
showed a progressive recovery of the 
normal lamellar pattern over time. In 
one 43-year-old wound, the scar could 
barely be seen; only breaks in Bow- 
man’s layer and Descemet’s membrane 
indicated the wound area. This case 
has recently been described.” In con- 
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Fig 7.—Human transplant wound 7 years after operation. Additional breaks in Bowman's layer 
(arrows) may be due to intraoperative manipulation of the corneal button during removal. Local 
subepithelial fibroplasia is visible through the gap in Bowman's layer (arrowheads) (toluidine 
blue O, original magnification x 50). Inset, underneath the incarcerated recipient Descemet's 
membrane (D), stromal protrusion into the anterior chamber is visible, completely covered by 
healthy endothelium (toluidine blue O, original magnification x 170). 


trast, unsutured human keratotomy 
wounds up to 70 months after opera- 
tion showed fibroblast orientation and 
collagen deposition parallel to the 
wound (Figs 4 and 9)."" In unsutured 
monkey wounds, parallel orientation of 
fibroblasts and collagen fibers were 
most pronounced in the midstromal 
region. Compression of the lamellae 
adjacent to the wound appeared to be 
due to contraction of the scar (Figs 4 
and 5, center and right). Ultrastruc- 
turally, the fibroblasts had dilated 
rough endoplasmatic reticulum; colla- 
gen fiber deposition appeared to be 
irregularly organized and less compact 
than sutured wounds within the same 
eye (Fig 8, center and right). 

Sutured wounds had a tendency to 
form a hypertrophic scar; fibrous tis- 
sue proliferated (fibroplasia) toward 
the epithelium through the gap in 
Bowman’s layer. This feature was 
present in five (83%) of the sutured 
monkey wounds (Figs 1, 2, and 5, top; 
Table 3) and in half of the human 
(sutured) transplant wounds. Although 
the proliferation most often extended 
only locally (Fig 7), a subepithelial 
stromal band had developed in sev- 
en (28%) human specimens (Fig 3). 
Four (40%) of the unsutured monkey 
wounds adjacent to sutured wounds 
also showed subepithelial fibroplasia 
through Bowman’ layer (Figs 1 and 5, 
center; Table 3). In contrast, subepi- 


thelial fibroplasia was completely ab- 
sent from the 28 unsutured monkey 
wounds made in the control corneas 
that had no sutures (Figs 1 and 5, 
right; Table 3). A subepithelial prolif- 
erative fibrous reaction was also ab- 
sent from all human keratotomy 
specimens. 


Descemet’s Membrane 


Protrusion into the anterior cham- 
ber (“log under rug effect’) or con- 
traction of the posterior stroma and 
Descemet’s membrane was seen un- 
derneath half of the human keratotomy 
incisions, but underneath only two 
monkey wounds. 

A significant incarceration of Desce- 
met’s membrane was seen in eight 
transplant wounds (32%), seven (28%) 
of which had the recipient’s membrane 
incarcerated (Fig 7). In the remaining 
wound, misalignment of the tissues 
caused incarceration of the donor’s 
Descemet’s membrane. Five wounds 
showed wound healing abnormalities 
related to this incarceration. In all 
other transplant wounds, the relative- 
ly thin donor Descemet’s membrane 
did not produce wound deformation. 
Splitting of Descemet’s membrane was 
seen in four specimens (16%); fragmen- 
tation or flangelike flaps were seen in 
eleven (44%). When a ) 
between the edges, “a, thi 
newly formed Descem 
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Fig 8.— Transmission electron microscopy of an unwounded area (teft), a sutured wound (center), and an unsutured wound 

(right) within the same monkey eye 2.5 months after operation. The sutured wound area shows a regular compact collagen 

fiber deposition whereas fiber deposition in the unsutured wound areais irregular and less compact. Fine or coarsely clotted 
granular, electron-dense depositions are visible between the fibrils in sutured and unsutured wounds ( x 36 000). 


covered the stroma (Fig 7, inset), ex- 
cept for three (12%) wounds in which 
retrocorneal fibroplasia was present. 4, 


COMMENT 


Multiple studies have described cor- 
neal wound healing in sutured trans- 
plant wounds” and in unsutured 
keratotomy wounds." It is not the 
extent of the tissue injury itself, but 





aan folie i — the reactive polymorphonuclear leuko- 

oS ae 7: abe | ihag | cytes, and particularly the activated 
a> ’ a p oe macrophages, that appear to stimulate 
bit i 5 and control the corneal repair pro- 
| 7 cess.” When silk sutures are used for 


Fig 9.—Human keratotomy wound (postoperative time unknown). Sectioning of the wound corneal surgery, a prominent polymor- 
parallel (longitudinal) to the corneal surface at a stromal level shows fibroblast orientation and phonuclear and mononuclear inflam-_ 





collagen fiber deposition parallel to the wound (arrows) (toluidine blue O, original magnification matory reaction develops and rapid ~ 
x 330). wound healing occurs. Nylon sutures 
are less antigenic, and produce a less- 
er lymphocytic inflammatory reaction 
surrounding the sutures.” Previous 
work” has suggested that the inflam- 
matory cell response following radial 
Unsutured Wounds keratotomy is short and inactive com- 
en eae te nn ee ee pared with that following thermal 
In Eyes In Control Eyes : 

Sutured Wounds With Sutures Witheut Sutures wounds. To our knowledge, it has not 
lati a a A been documented how sutured wound 
Human Primate Human Primate Human Primate apposition (and the associated influx of 
Subepithelial white blood cells into the tear film) 
fibroplasia, % contributes to different qualities of the 
Recovery of — wound healing of unsutured kerato- 
DEEN. tomy and sutured penetrating kerato- 

Orientation of Parallel to corneal Parallel to the Parallel to the plasty wounds. r an 
fibroblasts surface or wound weund In the current study, wound healing 
in wound area incarceration in sutured and unsutured wounds was 
*ND indicates not done; ++, degree of activity; and —, no activity. compared in humans and monkeys. 
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The inflammatory reaction was more 
pronounced in the monkeys that had 
sutured wounds compared with unsu- 
tured wounds in control eyes without 
sutures, the magnitude of the reaction 
was asymmetrical between mate eyes 
in two monkeys. The higher number of 
inflammatory cells in the epithelial lay- 
er, the more intensive stromal inflam- 
matory response, and the more distinc- 
tive stromal proliferation in one 
monkey, suggested that the individual 
inflammatory response affects the de- 
gree of fibroblastic stimulation and the 
rate of wound healing. Complete 
wound healing of unsutured wounds 
2.5 to 8 months after surgery, com- 
~ pared with poor wound healing in hu- 
mans up to 5 years after keratotomy, 
may be explained by a species differ- 
ence (G.R.J.M. and P.S.B., unpub- 
lished data, 1990)"'* We are unable to 
determine if age plays a role in primate 
corneal wound healing. Two previous 
studies” demonstrated rapid wound 
healing in primates after radial kerato- 
tomy, but the ages of the animals were 
not mentioned. 

A characteristic feature of a sutured 
wound was subepithelial fibrous tissue 
proliferation (fibroplasia) (Figs 2, 3, 5, 
left, and 7; Table 3), which was also 
present in unsutured wounds made in 
the same monkey eye (Fig 5, center; 
Table 3), but absent in control monkey 
eyes without sutures (Fig 5, right; 
Table 3). Apparently some factors 
(possibly from tear leukocytes) had a 
stimulatory effect not only on wound 
healing in the sutured wounds, but also 
on the fibroblastic activity in the adja- 
cent unsutured wounds. 

We found a relatively high concen- 
tration of inactive fibroblasts with a 
perpendicular orientation to the wound 
(Figs 2 and 5, left) in sutured monkey 
wounds. In contrast, in unsutured 
monkey wounds, activated fibroblasts 
were found with a parallel orientation 
to the wound, particularly in the mid- 
stromal region (Figs 5, center and 
right). Restoration of collagen fiber 
continuity appeared to be another 
characteristic feature of a sutured 
wound. For example, mild lamellar 
distortion was visible in transplant 
wounds 15 and 43 years after opera- 
tion.” In healed keratotomy wounds, 
collagen deposition parallel to the inci- 
sion was seen, as has been documented 
previously (Figs 4, 5, center and right, 
and 9)."""* How can these differences 
in fibroblast orientation and associated 
collagen fiber deposition be explained? 

Fibroblasts apparently are able to 
maintain or retake an orientation par- 
allel to the stromal lamellae in sutured 
keratotomy wounds (Figs 2 and 5, 
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left). In unsutured keratotomy wounds 
the path of the fibroblasts across a 
wound is blocked by an epithelial plug. 
The epithelial incarceration and its 
newly formed basal lamina might be 
recognized as a new “corneal surface.” 
Since fibroblasts tend to orient parallel 
to stromal incarcerations,” these cells 
(activated and/or inhibited by overly- 
ing epithelium,” by epithelial regula- 
tory cytokines, or by epithelial contact 
inhibition”) may therefore orient par- 
allel to the keratotomy wound (Figs 4, 
5, center and right, and 9).""** Subse- 
quent collagen fiber deposition occurs 
parallel to the fibroblasts that they 
originate from™ so new collagen fibers 
will be deposited parallel to the wound, 
ie, perpendicular to the adjacent un- 
wounded lamellae. Consequently, co- 
linear fiber reunion across the unsu- 
tured wound may not be expected. 
Recovery of collagen fiber continuity 
seen in sutured wounds (Figs 5, left, 
and 8, center) and relative fiber discon- 
tinuity in keratotomy wounds (Figs 4, 
5, center and right, 8, right, and 9) 
may therefore result from epithelial 
ingrowth in the initial phase of wound 
healing (Fig 10). 

Myofibroblasts””” with a perpen- 
dicular orientation to a sutured trans- 
plant wound (parallel to the stromal 
lamellae) would tend to close the 
wound, whereas wound contraction by 
myofibroblasts in unsutured kerato- 
tomy wounds may occur parallel to the 
incision and may therefore not aid 
wound closure. Scar contraction along 
the length of the incision may also 
result in corneal compression in a radi- 
al direction (Fig 9). Radial corneal 
compression at the corneal-scleral lim- 
bus has been documented” to produce 
a steepening of the central cornea. 
However, radial tissue compression 
within an optical zone of 4.5 to 5.0 mm 
resulted in a flattening of the central 
cornea.” Radial keratotomy scar re- 
modeling over the years”™” and the 
associated progressive wound contrac- 
tion parallel to the radial wound may 
therefore be responsible for the pro- 
gressive flattening of the central cor- 
nea over time, as clinically described 
following radial keratotomy.” This hy- 
pothesis seems to disagree with the 
findings of Jester and coworkers” and 
Jester and Smith,” who correlated the 
decrease in initial flattening effect to 
the histologically observed wound con- 
traction in the first 6 months after 
surgery. However, wound contraction 
may occur in two directions. Wound 
contraction across the wound that re- 
sults in wound closure may be ex- 
pected to reduce the flattening effect 
obtained, until the wound edges are 


completely appositioned. Wound con- 
traction parallel to the wound, along 
the length of the incision, may have an 
opposite effect as described above. 

Different techniques of trephining 
(toward the epithelium in the donor 
button, or toward the epithelium in the 
recipient), the use of different corneal 
scissors and/or tissue misalignment 
may frequently result in incarceration 
of Bowman’s layer and/or Descemet’s 
membrane, as well as producing lamel- 
lar distortion (Figs 3 and 7).""*""* 
Again, fibroblast orientation and con- 
comitant fiber deposition will occur 
parallel to the incarceration rather 
than the corneal surface,” and there- 
fore collagen fiber reconnection may 
not be established adequately. In con- 
trast to the findings of Lang et al” and 
Morrison and Swan,*™™ none of the 
transplant or keratotomy wounds in 
our study showed wound defects or 
epithelial ingrowth related to Bow- 
man’s incarceration. This may be due 
to the longer postoperative time of our 
specimens. Artificial separation of the 
anterior Bowman’s layer and opposing 
stroma in their specimens may indicate 
that wound healing between these 
structures is relatively weak and/or 
incomplete. In addition to defective 
wound healing, incarceration of Bow- 
man’s layer is also believed to contrib- 
ute to postoperative astigmatism. ” 

Eighteen (72%) of the transplant 
wounds showed abnormalities of Des- 
cemet’s membrane in the form of incar- 
ceration (Fig 7), fragmentation, or for- 
mation of flangelike flaps. Related 
abnormalities in wound healing were 
seen in five wounds. ®™™" Splitting of 
the membrane could not be correlated 
with preexisting abnormality since the 
ocular histories of these specimens 
were unknown. Seven (32%) of eight 
transplant wounds had Descemet’s 
membrane incarcerated at the re- 
cipient side. Five of these seven 
wounds (with an incarcerated Desce- 
met’s membrane) also had incarcera- 
tion of Bowman's layer. Overall, the 
donor Descemet’s membrane did not 
seem to cause abnormalities in wound 
configuration. This may indicate that 
wound deformation due to incarcera- 
tion will occur more often with a 
thicker Descemet’s membrane. Since 
thickness of Descemet’s membrane in- 
creases with age and patients with 
keratotomy are commonly young, re- 
traction of a relatively thin Descemet’s 
membrane after perforation of a ker- 
atotomy incision may have slight effect 
on wound morphology and corneal 
topography. 

In either a keratotomy or a trans- 
plant wound, displacement of lamellae 
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Fig 10.—Schematic representation of factors that may influence wound healing in keratotomy wounds (see text for 
explanation). 


with the same fiber direction will oc- 
cur; reconnection across the wound 
site would involve noncolinear fibers or 
a filamentous network of new fibrils 
intercalating with the old.” Maurice” 
hypothesized that angled fiber reunion 
may decrease wound strength, since 
tension forces will cause the fibrils to 
slide sideways to lessen the angle be- 
tween them. However, every angle 
between two (groups of) fibers will 
theoretically be compensated by an 
opposite angle between two other la- 
mellae. If so, angled force transmission 
may create shear forces between la- 
mellae. Both quality and direction of 
reconnected fibers may therefore alter 
the stress force resistance in the 
wound area, even if the fiber reconnec- 
tion would be as strong as the original 
uncut fiber structure itself. Permanent 
loss of the normal layered lamellar 
corneal anatomy may contribute to the 
decreased tensile strength®******* 
in transplant and particularly in less 
organized keratotomy wounds even af- 
ter “complete” stromal wound healing 
has occurred (Fig 10). 

Apparently, the lack of a smooth 
corneal surface is closely related to the 
presence of an epithelial plug, because 
epithelial ridges or discontinuity were 
seen only over keratotomy wounds 
that had not yet healed and in which an 


epithelial plug was present (Fig 4). 
Why should the epithelium regenerate 
a smooth surface only in complete- 
ly healed keratotomy and transplant 
wounds? Although epithelial wound 
healing abnormalities following kerato- 
tomy’ may result from surface irregu- 
larities, epithelial ridges over the inci- 
sions may not be present in vivo. 
Under physiologic conditions, actin fil- 
aments” present between epithelial 
cells within an epithelial plug may be 
stretched. Contraction of these fila- 
ments following elimination of the in- 
traocular pressure (after excision of 
the cornea from the globe) may result 
in formation of epithelia! ridges. If so, 
these ridges would only appear histo- 
logically. 

Five human specimens underwent a 
trapezoidal keratotomy procedure to 
correct posttransplant astigmatism 2 
to 8 years after the initial penetrating 
keratoplasty (Table 1). After this peri- 
od, the initially made circumferential 
(sutured) transplant wound appeared 
not to have had an effect on wound 
healing in the keratotomy (unsutured) 
wounds. Both types of wounds within 
the same specimen could be distin- 
guished by epithelial plug formation 
(when present), configuration of stro- 
mal apposition, and the break in Des- 
cemet’s membrane underneath trans- 
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plant wounds. 

The variation in individual wound 
healing found in this study and its poor 
correlation with postoperative time 
might be due to selection, since pa- 
tients with abnormal wound healing 
patterns might be subjected to reoper- 
ation more frequently. However, indi- 
vidual differences in wound healing 
were also found between monkeys. To 
what extent did selection occur among 
the specimens received by our labora- 
tory? In three pairs of eyes that were 
received by our laboratory as whole 
globes from eye banks, six corneas 
with keratotomy incisions were ob- 
tained at traumatic death and not at 
operation. These corneas generally 
had better wound healing of the inci- 
sions, ie, complete wound apposition 
and absence of an epithelial plug, than 
the wounds in 20 specimens received 
as a corneal button and obtained after 
reoperation. 

Three structural wound healing dif- 
ferences were detected between su- 
tured and unsutured corneal wounds 
(Fig 10). First, in contrast to well- 
appositioned edges in sutured wounds, 
unsutured wounds theoretically have 
the tendency to remain unapposed. 
Wound gapping may occur by the ef- 
fect of eyelid pressure or intraocular 
pressure; collagen fibers in Bowman’s 
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layer and in the stromal lamellae may 
retract following cleavage. Second, 
wound healing abnormalities appeared 
to be closely related to permanent 
distortion of the normal lamellar struc- 
ture by incarceration of Bowman’s lay- 
er or Descemet’s membrane in sutured 
wounds, and epithelial plug formation 
in unsutured wounds. Although the 
epithelium activates keratocytes, this 
activation may not aid wound healing 
in the latter wounds, since orientation 
of fibroblasts parallel to these wounds 
will result in collagen fiber deposition 
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parallel to the wound, which may be 
ineffective in wound closure and 
wound repair. Epithelial contact inhi- 
bition may delay stromal repair. Third, 
insufficient keratocyte activation due 
to relatively low inflammatory re- 
sponse following keratotomy may re- 
sult in a slow repair process compared 
with that following sutured wound ap- 
position and corneal thermal burns. 

If delayed wound healing following 
keratotomy is due to lack of wound 
apposition and a concomitant perma- 
nent loss of the normal collagen fiber 
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structure, placement of sutures may 
benefit wound healing (and may pro- 
vide refractive stabilization), such 
as overcorrected cases that undergo 
wound repair. 


This study was sponsored in part by grant EY- 
04457-07 from the National Eye Institute, and 
others from the National Vision Research Insti- 
tute, the Genootschap “Noorthey,” and Pharma- 
cia The Netherlands BV. 

We thank Janet A. Anderson, PhD; Normand 
Richard, MS; Kimberli A. Coalwell; and Rutger J. 
W. van Hoogstraten for their valuable advice and 
their technical assistance. 


grafts. Exp Eye Res. 1986;42:201-210. 

28. Cintron C, Szamier RB, Hassinger LC, et al. 
Seanning electron microscopy of rabbit corneal 
scars. Invest Ophthalmol Vis Sci. 1982;23:50-63. 

29. Davison PF, Galbavy EJ. Connective tissue 
remodeling in corneal and scleral wounds. Invest 
Ophthalmol Vis Sci. 1986;27:1478-1484. 

30. Medin W, Davanger M. Wound healing of 
rabbit cornea in organ culture. Acta Ophthalmol. 
1987;65:257-262. 

31. Lee RE, Davison PF, Cintron C. The healing 
of linear nonperforating wounds in rabbit corneas of 
different ages. Invest Ophthalmol Vis Sci. 1982; 
23:660-665. 

32. Hunt TK, Knighton DR, Thakral KK, et al. 
Studies on inflammation and wound healing: Angio- 
genesis and collagen synthesis stimulated in vivo by 
resident and activated wound macrophages. Sur- 
gery. 1984;96:48-54. 

33. Gasset AR, Dohlman CH. The tensile 
strength of corneal wounds. Arch Ophthalmol. 
1968;79:595-602. 

34. Luttrull JK, Smith RE, Jester JV. In vitro 
contractility of avascular corneal wounds in rabbit 
eyes. Invest Ophthalmol Vis Sci.  1985;26: 
1449-1452. 

35. Jester JV, Smith RE. Role of the myofibro- 
blast in healing of corneal wounds following radial 
keratotomy in cat and primate eyes. Invest Ophth- 
almol Vis Sci. 1986;27(suppl):62. 

36. Van Rij G, Waring GO. Changes in corneal 
curvature induced by sutures and incisions. Am J 
Ophthalmol. 1984;98:773-783. 

37. Van Rij G. Radial corneal sutures for the 
correction of myopia: a laboratory experiment. Doc 
Ophthalmol. 1986;64:105-108. 

38. Murphy C, Alvarado J, Juster R. Prenatal 
and postnatal growth of the human Descemet’s 
membrane. Invest Ophthalmol Vis Sci. 
1984;25:1402-1415. 

39. Simonsen AH, Andreassen TT, Bendix K. 
The healing strength of corneal wounds in the hu- 
man eye. Exp Eye Res. 1982;35:287-292. 


Migraine and Psychopathology: Results of the Zurich Cohort Study of Young Adults 
Kathleen R. Merikangas, PhD; Jules Angst, MD; Hansruedi Isler, MD (Arch Gen Psychiatry. 


1990;47:849-853) 


Arch Ophthalmol—Vol 108, October 1990 





Corneal Wounds—Melles & Binder 1469 


| 








S-Antigen 


Identification of Human T-Cell Lymphocyte Proliferation Sites 


Tamara R. Vrabec, MD; Ruth N. Reber; Larry E. Magargal, MD; Larry A. Donoso, MD, PhD 


è Immune responses to normal retinal 
proteins, including S-antigen, have been 
demonstrated in patients with a variety of 
retinal disorders, as well as in those who 
have received panretinal laser photoco- 
agulation. T-cell lymphocytes (T cells) 
have been implicated in the pathogene- 
sis of several ocular inflammatory dis- 
eases of possible autoimmune etiology. 
We used synthetic peptides that corre- 
spond to the amino acid sequence of S- 
antigen in lymphocyte proliferation as- 
says to identify specific sites in the 
molecule recognized by human T cells. 
Ten patients with type Il diabetes were 
studied before and after initial panretinal 
laser photocoagulation for proliferative 
diabetic retinopathy. T-cell responses, 
expressed as a stimulation index, to S- 
antigen and peptides were negative in all 
patients before treatment. Three weeks 
after panretinal laser photocoagulation, 
eight of 10 assays were positive (stimula- 
tion index >2; P<.01) when lymphocytes 
were stimulated with peptide BSA(273- 
292); six of nine were positive (P<.01) 
with peptide BSA(303-332); and six of six 
were positive (P<.001) with peptide 
BSA(343-362). Our study identifies sever- 
al specific sites in S-antigen that elicit 
human immune responses. The implica- 
tions of these findings with regard to the 
pathogenesis and treatment of autoim- 
mune uveitis are discussed. 

(Arch Ophthalmol. 1990;108:1470- 
1473) 
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utoimmune reactions against com- 
ponents of normal ocular tissues 
may play a role in the pathogenesis of 
human ocular inflammatory diseases. 
T-cell, as well as B-cell, responses 
against specific retinal antigens, in- 
cluding S-antigen, have been docu- 
mented in normal humans’? and 
in patients with retinal inflamma- 
tions,”’ retinal degenerations,** “uve- 
itis,” retinal detachment, and pene- 
trating ocular injuries.*® Whether 
these responses are primarily respon- 
sible for pathologic effects, are second- 
ary to other processes that may liber- 
ate retinal antigens, or are normal 
components of the immune regulatory 
network, remains to be determined. 
S-antigen is a highly pathogenic reti- 
nal autoantigen.” It is a well-charac- 
terized molecule that has been highly 
conserved among many vertebrate and 
invertebrate species. In susceptible 
animal strains, including primates, 
it induces experimental autoimmune 
uveitis (EAU), a severe inflammatory 
disease of the retina and uvea that 
clinically and histologically resembles 
some forms of human uveitis. Al- 
though B cells may play a role in the 
pathogenesis of EAU, several findings 
indicate that T-cell-mediated respons- 
es are primarily responsible.” For ex- 
ample, T cells respond to S-antigen in 
lymphocyte proliferation assays, and 
EAU develops following the adoptive 
transfer of T cells or lymph node cells 
from animals previously immunized 
with S-antigen” or S-antigen synthetic 
peptides.“ More importantly, purified, 
antigen-specific CD4+ T-cell lines can 
transfer disease to naive recipients. ®?® 
Recently, it has been possible in 
appropriate animal models to delineate 
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immunologically important regions 
in S-antigen, including several sepa- 
rate and distinct sites responsible 
for T-cell-mediated uveitopathogenic- 
ity." Using synthetic peptides it has 
also been possible to identify several 
sites involved in T-cell proliferation." 
These sites appear to be near to or to 
coincide with known pathogenic sites 
in the molecule."” In contrast, the 
identification of immunologically im- 
portant regions in S-antigen in which 
human immune responses are directed 
has been more difficult to define since 
similar studies cannot always be un- 
dertaken in humans. 

Patients treated with panretinal 
photocoagulation (PRP) for prolifera- 
tive diabetic retinopathy develop im- 
mune responses to rod outer-segment 
proteins, including S-antigen.” Clinical 
manifestations may include transient 
and self-limited iritis or vitritis and 
occasionally associated subretinal exu- 
dation or choroidal effusion.” This im- ` 
mune response is presumably second- 
ary to photoreceptor cell destruction 
and the subsequent release of antigen. 
Although diabetic patients may differ 
in immunologic constitution from both 
the “normal” population and patients 
with other autoimmune diseases, in- 
cluding uveitis, comparison of each pa- 
tient’s baseline pretreatment immune 
response with post-PRP response al- 
lows uniquely controlled longitudinal 
studies of iatrogenically induced im- 
mune responses in a relatively homo- 
geneous population. In this study, S- 
antigen and synthetic peptides were 
used to investigate lymphocyte prolif- 
eration in 10 patients with type II 
diabetes prior to and following initial 
PRP. Our study identifies several sites 
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in S-antigen against which human im- 
mune responses are directed. 


PATIENTS, MATERIALS, 
AND METHODS 


Patients 


Ten patients with type II diabetes (five 
men and five women aged 45 to 57 years) 
with proliferative diabetic retinopathy re- 
quiring PRP were selected for this study. 
Patients with prior ocular trauma, surgery, 
uveitis, or PRP were excluded. After in- 
formed consent was obtained, 10 to 15 mL 
of ethylenediamine tetraacetic acid—antico- 
agulated blood were drawn from patients 
through an intravenous catheter that had 
been inserted at the time of fluorescein 
angiography. During a follow-up visit 
3 weeks later, a second blood sample was 
drawn from each patient. Two patients 
provided only posttreatment blood samples. 
In one patient blood samples were taken at 
1 and 3 weeks after PRP. 


S-Antigen and Synthetic Peptides 


S-antigen was purified from retinal ho- 
mogenates as described previously." The 
amino acid sequence of S-antigen and the 
synthesis of S-antigen peptides have been 
described.” Each peptide has been desig- 
nated according to its amino acid sequence. 
For example, HSA(1-20) designates a pep- 
tide composed of amino acid residues 1 to 20 
in human S-antigen. These peptides were 
selected because they are known to stimu- 
late lymphocyte proliferation in animal 
models of EAU. These peptides contain 
uveito-pathogenic sequences as well and are 
designated in this study as site B (BSA[273 
to 292]), site C (BSA[803 to 332]), and site 
D (BSA[343 to 362]). Previous investigation 
has shown that another lymphoproliferative 
site, site A (BSA[143-162]), stimulated only 
T cells sensitized to bovine S-antigen.” It 
was therefore not included in this study. 

The peptide sequences used were as 
follows: site B, BSA(273-292) SLTKTLT- 
LVPLLANNRERRG; site C, BSA(303- 
332) DTNLASSTIIKEGIDATV MGILVS- 
YQIKVK and/or HSA(307-336) DTNLAS- 
STIIKEGIDRTVLGILVSYQIKVK; and 
site D, BSA(843-362) TSSEVATEVPFRL- 
MHPQPED. Amino acids that differ be- 
tween bovine and human sequences are 
italicized. At least one peptide from an 
unrelated region of S-antigen was also in- 
cluded in each assay as a control. The single 
letter abbreviation codes for the amino ac- 
ids are as follows: A indicates alanine; C, 
cysteine; D, aspartic acid; E, glutamic acid; 
F, phenylalanine; G, glycine; H, histidine; I, 
isoleucine; K, lysine; L, leucine; M, methio- 
nine; N, asparagine; P, proline; Q, gluta- 
mine; R, arginine; S, serine; T, threonine; 
V, valine; W, tryptophan; and Y, tyrosine. 


Lymphocyte Proliferation Assay 


Lymphocytes from 5 to 7 mL of ethyl- 
enediamine tetraacetic acid—anticoagulated 
blood were separated by centrifugation 
over Histopaque (Sigma, St Louis, Mo). 
The lymphocytes were washed three times 
by centrifugation in RPMI 1640 and then 
counted. The cells were resuspended in 
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Table 1.—Summary of Stimulation Indexes in Patients Undergoing 
Panretinal Laser Photocoagulation (PRP) * 


Patient 
No. Concanavalin A 


Control 


1.4 





* All S antigen and peptide stimulation indexes greater than 2.0 are in boldface and all values are rounded 
to one decimal place. S-AG indicates S antigen; NT, not tested; pre, pre-PRP; and post, post-PRP. 


RPMI medium enriched with 5% fetal calf 
serum at approximately 1 million cells per 
milliliter. Ten microliters of each peptide or 
S-antigen dilution (2 g/L, 1 g/L, and 
0.5 g/L) were plated in triplicate into the 
wells of 96-well flat-bottom plates followed 
by 200-L cell suspension. The plates were 
incubated at 37°C for 72 hours. Tritiated 
thymidine (37 kBq/well) was added to each 
well and the plates were incubated an addi- 
tional 24 hours before harvesting. Wells 
incubated with concanavalin A or RPMI 
1640 served as positive and negative con- 
trols, respectively. The antigen dilution 
that resulted in the greatest amount of 
radioactive uptake was used to calculate the 
stimulation indexes (SIs). The results are 
expressed as SIs. An SI greater than 2.0 
was considered positive. For statistical 
analysis, the x” test with Yates’ correction 
for continuity was used, with P<.05 consid- 
ered significant. 


RESULTS 


The summary of T-cell SIs in pa- 
tients before and after PRP is shown 
in Table 1. No pretreatment patients 
had SIs greater than 2.0 to any peptide 
or S-antigen. Higher SIs were re- 
corded for lymphocytes stimulated 
with peptides than those stimulated 


with S-antigen. For those peptides 
tested, the greatest percentage of pa- 
tients responded to BSA(843-362) (six 
[100%] of six patients), followed by 
BSA(273-292) (eight [80%] of 10 pa- 
tients), BSA(3803-332) (six [67%] of 
nine patients), and S-antigen (three 
[30%] of 10 patients) following PRP. 
Concanavalin A-stimulated lympho- 
cytes always resulted in SIs greater 
than 2.0. No control peptide, ie, a 
peptide from an unrelated region of the 
molecule, induced a positive prolifera- 
tive response (Table 1). 

As a group, patients who underwent 
PRP had significantly increased post- 
treatment SIs (P<.001) to all antigens 
(calculation not included). This was 
true for individual peptides as well, ie, 
x values with Yates’ correction for 
continuity (Table 2) were statistically 
significant for peptide BSA(273-292) 
(P<.01), BSA(803-332) (P<.01), and 
BSA(8438-362) (P<.001). 


COMMENT 


T-cell immune responses are the re- 
sult of complex and delicately balanced 
interactions among components of the 
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EROK 










Patients’ 
Stimulation Indices * 
Peptide <2 >2 Xt 







BSA (273-292) 2 8 P< .01 
Control 10 0 ao 
BSA (303-332) 3 6 P<.01 
Control 10 (0) acd 
BSA (343-362) (0) 6 P<.001 
Control 10 0 





*Numbers indicate the number of tests performed. 
tx? with Yates’ correction for continuity is 10.21 
(site B), 6.90 (site C), and 12.02 (site D). 


immune system. Disruption of this bal- 
ance can lead to altered immunologic 
states ranging from immunodeficiency 
syndromes to autoimmunity. T-cell ac- 
tivation is mediated by interaction be- 
tween the T-cell receptor, processed 
antigens, and either the class I or II 
restricting elements on antigen-pre- 
senting cells (eg, macrophages).” Anti- 
gen-presenting cells exposed to “for- 
eign” extracellular proteins degrade 
the native antigen (antigen processing) 
into an immunogenic peptide that is 
subsequently bound to a major histo- 
compatibility complex molecule on the 
antigen-presenting cell surface. The 
complex of immunogenic peptide and 
major histocompatibility complex pro- 
vides a necessary but insufficient stim- 
ulus to the T-cell antigen receptor for 
activation and subsequent lymphocyte 
proliferation. 

Lymphocyte proliferative responses 
to native S-antigen have been docu- 
mented in patients with a variety of 
retinal disorders. It has also been re- 
ported that antibody titers to S-anti- 
gen develop in diabetic patients who 
undergo PRP.” Since antibody re- 
sponses are often T-cell dependent, it 
seemed appropriate to examine such 
patients for lymphocyte proliferative 
responses. We used synthetic peptides 
in this study to further refine the 
nature of the post-PRP immune re- 
sponse. We identified several specific 
regions of S-antigen against which 
lymphocyte responses are directed. 
Due to the limited number of lympho- 
cytes that could be obtained from each 
patient, it was not possible to test all 
peptides corresponding to the entire 
molecule. Therefore, lymphocyte pro- 
liferative sites other than those identi- 
fied in this investigation may exist. 

In humans, the autoimmune basis of 
uveitis has been difficult to investigate 
for several reasons. Ethical consider- 
ations prohibit direct investigation of 
antigen pathogenicity, and in vitro 
data may vary under different experi- 


mental conditions and may represent 
secondary responses to antigen liber- 
ated by a preceding infectious or trau- 
matic insult. Baseline immune re- 
sponses are seldom documented in 
patients prior to the onset of clinical 
uveitis. Furthermore, studies of im- 
mune responses are often done at ran- 
dom intervals in patients with differ- 
ent types of uveitis those who may 
have been subjected to various immu- 
nosuppressive treatments. 

Patients with type H diabetes who 
have no prior history of uveitis or 
ocular injury and who are undergoing 
initial PRP provide a relatively homo- 
geneous patient population in which 
the longitudinal course of a limited, 
iatrogenically induced “uveitis” can be 
documented. Alterations of immune 
function, including increased frequen- 
cy of HLA association” and autoanti- 
bodies to various tissues,”” have been 
documented in patients with both type 
I and type II diabetes mellitus. There- 
fore, extrapolation of our data to “nor- 
mal” individuals or patients with other 
autoimmune diseases should be done 
with caution since other factors may be 
important for T-cell stimulation, as dis- 
cussed above. 

Lymphoproliferative responses that 
develop following PRP most likely re- 
sult from disruption of the blood reti- 
nal barrier and exposure of the sys- 
temic circulation to a substantial bolus 
of retinal proteins, ineluding S-anti- 
gen. Of particular impertance is that 
surrounding tissue destruction may it- 
self serve as an “adjuvant,” enhancing 
the potential response to otherwise 
well-tolerated self-components. The 
peptides that elicit T-cell proliferation 
following this presumed primary sys- 
temic exposure of antigen may be in- 
terpreted as those portions of the na- 
tive molecule that are immunologically 
relevant in this process. As is clinically 
evident, this photodestructive process 
does not, in most cases, generate 
pathogenic T-cell clones that are capa- 
ble of breaking tolerance and eliciting 
ongoing immune responses against 
self. 

Although our patient population was 
small, we found that no patient had an 
SI greater than 2.0 against any syn- 
thetic peptide or S-antigen prior to 
PRP (Table 1). Three weeks after 
PRP, however, there was a statistical- 
ly significant increase in the immune 
response to several synthetic peptides 
already known to be active in the EAU 
model." The highest percentage of 
responses was recorded for lympho- 
cytes stimulated with BSA(843-362). 
This peptide, site D, corresponds to a 
carboxyl terminal amino acid sequence 
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of S-antigen with known lymphoprolif- 
erative properties located within a 
newly identified pathogenic site.® Re- 
cently, Hirose and associates” isolated 
and characterized a T-cell line and 
clones specific for S-antigen from a 
healthy donor. Although the line and 
cloned cells proliferated in vitro when 
stimulated with S-antigen, they did 
not respond to either S-antigen pep- 
tide K (BSA241-260) or peptide M 
(BSA303-320), indicating that other re- 
gions of S-antigen were important for 
in vitro proliferation of lymphocytes in 
their patient. 

The activation of lymphocytes is 
highly specific and lymphocytes that 
proliferate in culture may not neces- 
sarily have the capacity to induce dis- 
ease. Such a dissociation of immune 
responses in EAU” and in other 
T-cell-mediated autoimmune disor- 
ders, such as experimental autoim- 
mune encephalomyelitis, is well docu- 
mented.” Therefore, when in- 
vestigating autoimmunity, it is im- 
portant to identify those peptides that 
manifest both lymphocyte proliferative 
and pathogenic properties, as well as 
the other components of the immune 
system (eg, human leukocyte antigen 
types), which contribute to activation 
of functionally significant T-cell clones. 

The identification of specific sites in * 
S-antigen and in other pathogenic reti- 
nal autoantigens against which human 
immune responses are directed is im- 
portant because it may provide a ratio- 
nal basis to explain autoimmunity. Fu- 
ture investigations will be directed 
toward identifying the presence, speci- 
ficity, and pathogenicity of cellular 
populations involved in immune re- 
sponses of patients with idiopathic 
uveitis, particularly those entities that 
may have a primary autoimmune 
basis. 
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Systemic Amiloride Inhibits Experimentally 
Induced Neovascularization 


Robert L. Avery, MD; Thomas B. Connor, Jr, MD; Mahmood Farazdaghi 


è Amiloride is an inhibitor of uroki- 
nase-type plasminogen activator, and 
might therefore have an inhibitory effect 
on neovascularization. Neovasculariza- 
tion was induced in rabbit corneas via 
local implantation of prostaglandin E, 
pellets prepared in a slow-release poly- 
mer. Animals received daily intraperito- 
neal injections of 30 mg of amiloride, or 
an equivalent volume of saline solution 
for 5 days; both were well tolerated with- 
out severe untoward effect. Neovascular 
response, as documented by corneal 
photographs, was evaluated after 5 days 
of injections. The area of induced corneal 
neovascularization was decreased by 
55% in animals receiving amiloride when 
compared with controls. Thus, amiloride 
and similar compounds may prove use- 
ful in the study and management of 
neovascularization. 

(Arch Ophthalmol. 
1476) 


1990;108:1474- 


N eovascularization plays an impor- 

tant role in a variety of ocular 
diseases, including diabetic retinop- 
athy and age-related macular degener- 
ation, two of the leading causes of 
blindness in the United States.’ Fur- 
thermore, the induction of new vessels 
is an essential step in the development 
and unrestricted growth of solid tu- 
mors.” An early step in the develop- 
ment of angiogenesis is lysis of the 
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extracellular matrix (ECM) at the 
leading edge of new vessels.*” Plasmin- 
ogen activators are enzymes, which, 
by converting plasminogen to the ac- 
tive proteolytic enzyme plasmin, are 
capable of activating a proteolytic cas- 
cade that can digest the ECM. There 
are two distinct types of plasminogen 
activators: tissue-type, which is in- 
volved mostly in hemostasis, and uro- 
kinase-type (uPA), which has been im- 
plicated in tumor invasiveness and, 
more recently, angiogenesis.” 

The diuretic amiloride has been 
found to be a competitive inhibitor of 
uPA, without significantly inhibit- 
ing tissue-type plasminogen activa- 
tors, plasmin, or thrombin." Recently, 
oral amiloride was shown to prevent 
the formation of lung metastasis in an 
animal model of adenocarcinoma, pre- 
sumably through its inhibition of 
uPA." This current study examines 
the effect of systemic amiloride in a 
model of angiogenesis that employs 
a slow-release, prostaglandin E.-con- 
taining polymer placed within the rab- 
bit cornea as a stimulus. Theoretically, 
one might expect the inhibition of uPA 
to interfere with the induction of neo- 
vascularization through its inhibitory 
effects on the lysis of the ECM. 


MATERIALS AND METHODS 


Slow-release polymers were prepared 
as previously described.” Briefly, ethyl- 
ene-vinyl-acetate (DuPont, Wilmington, 
Del) was thoroughly washed in absolute 
ethanol, and then dissolved in methylene 
chloride (Sigma, St Louis, Mo) at a concen- 
tration of 100 g/L. This salution was then 
mixed at a ratio of 10:1 with a 1-g/L solution 
of prostaglandin E, (Upjohn, Kalamazoo, 
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Mich) in ethanol. The methylene chloride 
and ethanol were allowed to evaporate, and 
pellets containing 1 pg of prostaglandin 
were then prepared. 

All animal procedures were approved by 
The Johns Hopkins Hospital Animal Care 
and Use Committee. Twenty adult New 
Zealand albino rabbits (3 to 4 kg) were 
anesthetized with a 1.5-mL intramuscular «, 
injection of an 80:20 mixture of ketamine 
(100 g/L) and xylazine (100 g/L). A half 
thickness central corneal incision was made 
under aseptic conditions with a surgical 
blade. A radial corneal pocket extending to 
the limbus at the midstromal level was then 
formed with a cyclodialysis spatula as previ- 
ously described.” The slow-release prosta- 
glandin pellet was then placed within the 
stromal pocket 1.5 mm from the limbus. 
Tobramycin ointment was applied to the 
cornea postoperatively and each day there- 
after to prevent infection. Each day, rab- 
bits received an intraperitoneal injection of 
100 mL of Hanks balanced salt solution 
(Gibeo, Grand Island, NY) with or without 
30 mg of amiloride (Sigma). During the 
course of the experiment, one rabbit in each 
group died. One eye in the control group 
was excluded due to corneal perforation at 
the time of stromal pocket formation. After 
5 days the rabbits were killed with a lethal 
intravenous injection of pentobarbital. At 
this time, there were 17 eyes in the control 
group, and 18 eyes in the treatment group. 
Periodic photographs of the limbus were 
taken through an operating microscope. 
These photographs were projected on a 
viewer (Topcon, Tokyo, Japan) and tracings 
of the limbal neovascularization were made 
in a masked fashion. An image analyzer was 
then used to directly calculate the area of 
neovascular response. 


RESULTS > 





Representative angiogenic respons- 
es to the prostaglandin E, pellets in the 
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Fig 2.—Mild limbal neovascularization in a rabbit treated with intraperitoneal amiloride for 5 
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days. Arrows indicate a prostaglandin-containing pellet. 


control and treatment groups are illus- 
trated in Figs 1 and 2. The mean 
(+SEM) area of neovascularization in 
the 17 eyes in the control group was 
2.32 + 0.39 mm’, median, 2.57 mm’. In 
the amiloride group, the mean area of 
neovascularization in the 18 eyes was 
1.05 + 0.25 mm’, median, 0.97 mm’. 
Thus, the neovascular response was 
inhibited by systemic amiloride by 55% 
(Fig 3). This inhibition is statistically 
significant at P<.02 by rank sum test. 
A 7% loss of total body weight was 
noted in the treatment group after 5 
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days, most likely due to the diuretic 
effects of amiloride. Aside from the 
death of one rabbit in each group, all 
rabbits appeared healthy after 5 days 
of injections. Blood samples drawn 
from representatives of both groups at 
the termination of the experiment re- 
vealed normal serum potassium levels. 


COMMENT 


Angiogenesis plays an important 
role in a variety of normal and patho- 
logic conditions and has been the sub- 
ject of intense investigation. It is a 


Neovascularization, mm* 
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Amiloride 
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Fig 3.— Inhibition of neovascularization by in- 
traperitoneal injection of amiloride for 5 days. 
Amiloride inhibited neovascularization by 
55% (P<.02). 


complex process that probably in- 
volves the interplay of a large variety 
of growth and regulatory factors, 
many of which may be amenable to 
therapeutic manipulation. Endothelial 
cell proliferation, migration, and tu- 
bule formation are all important steps 
in angiogenesis; however, before new 
blood vessel sprouts develop, the ECM 
surrounding the parent vessel becomes 
fragmented.’ 

There is increasing evidence that 
uPA may play a central role in this 
early step in angiogenesis. First, the 
plasmin that uPa generates can acti- 
vate collagenases, which in turn can 
digest the major components of the 
ECM. Cancer researchers have dem- 
onstrated that uPa plays an important 
role in tissue invasion by tumor cells.” 
In fact, antibodies to uPA have been 
shown to inhibit tissue invasion and 
metastasis." Second, uPA has re- 
cently been identified at the leading 
edge of migrating endothelial cells in 
vitro, and at the leading tips of new 
vessel sprouts in vivo.’ Finally, an 
inhibitor of uPA derived from condi- 
tioned media of cultured retinal pig- 
ment epithelial cells has been shown to 
inhibit angiogenesis in vitro as well as 
in a rabbit corneal pocket assay."” 
This inhibition may be due to a form of 
plasminogen activator inhibitor type 1 
that was recently identified in retinal 
pigment epithelium-conditioned 
media. ™ 

The discovery that amiloride is a 
competitive inhibitor of uPA and that 
it inhibits tumor metastasis in an ani- 
mal model prompted us to examine its 
effect on angiogenesis. High doses of 
intraperitoneal amiloride were found 
to inhibit the formation of new vessels 
in the rabbit corneal pocket assay at a 
statistically significant level. The rab- 
bits tolerated the amiloride well, with 
only mild dehydration and no hyperka- 
lemia. The need for high doses of ami- 
loride could be due to its relatively 
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weak inhibition constant of 7x 10~° for 
uPA.” Cell-surface bound uPA could 
also be less accessible to competitive 
inhibition.’ However, it is also possible 
that one of amiloride’s other activities, 
such as sodium channel blockade, could 
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be responsible for the observed inhibi- 
tion of angiogenesis. Further studies 
with amiloride analogues that have in- 
creased uPA inhibitory potential and 
decreased sodium channel and diuretic 
activity may not only elucidate the 


References 


plasminogen activator: proenzyme, receptor, and 
inhibitors. J Cell Biol. 1987;104:801-804. 

8. Pepper MS, Vassalli JD, Montesano R, Orci 
L. Urokinase-type plasminogen activator is in- 
duced in migrating capillary endothelial cells. J Cell 
Biol. 1987;105:2535-2541. 

9. Jerdan J, Kristensen P, Maglione A, Glaser 
BM. New blood vessel formation is associated with 
urokinase-type plasminogen activator. Invest 
Ophthalmol Vis Sci. 1988;29(suppl):109. 

10. Vassali JD, Belin D. Amiloride selectively 
inhibits the urokinase-type plasminogen activator. 
FEBS Lett. 1987;214:187-191. 

11. Kellen JA, Mirakian A, Kolin A. Antimetas- 
tatic effect of amiloride in an animal tumour model. 
Anticancer Res, 1988;8:1373-1376. 

12. Langer R, Folkman J. Polymers for the re- 
lease of proteins and other macromolecules. Na- 
ture. 1976;263:797-800. 

13. BenEzra D, Hemo I, Maftzir G. The rabbit 
cornea: a model for the study of angiogenic factors. 
In: BenEzra D, Ryan SJ, Glaser BM, Murphy RP, 
eds. Ocular Circulation and Neovascularization. 


Currently in Other AMA Journals 


Prevalence of Reading Disability in Boys and Girls 
S. E. Shaywitz; B. A. Shaywitz; J. M. Fletcher; M. D. Escobar (JAMA. 1990;264:998) 


Ethical Implications of Rejecting Patients for Clinical Trials 
H. G. Bone; W. Chavkin; H. Fox; T. C. Chalmers (JAMA. 1990;264:970) 


a er gee iar a oe PL Ow: ee à 
z "z YRT TAIRE = aa = 4 
9 


mechanism of action, but also prove to 
be more effective inhibitors of neo- 
vascularization. 


This study was supported in part by an unre- 
stricted grant from Research to Prevent Blind- 
ness Inc, New York, NY. 


Dordrecht, The Netherlands: Martinus Nijhoff 
Publishers; 1987:335-340. 

14. Ossowski L, Reich E. Antibodies to plasmin- 
ogen activator inhibit human tumor metastasis. 
Cell. 1983;35:611-619. 

15. Mignatti P, Robbins E, Rifkin D. Tumor 
invasion through the human amniotic membrane: 
requirement for a proteinase cascade. Cell. 1986; 
47:487-498. 

16. Glaser BM, Campochiaro PA, Davis JD, 
Sato M. Retinal pigment epithelial cells release an 
inhibitor of neovascularization. Arch Ophthalmol. 
1985;103:1870-1875. 

17. Glaser BM, Adamsons I, Lansing M, Jerdan 
J, Davis J. A urokinase inhibitor derived from hu- 
man RPE cells inhibits neovascularization in vivo. 
Invest Ophthalmol Vis Sci. 1989;30(suppl):395. 

18. Campochiaro PA, Mimuro J, Sugg R, Lusku- 
toff DJ. Retinal pigment epithelial cells produce a 
latent fibrinolytic inhibitor that is antigenically and 
biochemically related to type 1 plasminogen activa- 
tor inhibitor produced by vascular endothelial cells. 
Exp Eye Res. 1989;49:195-203. 


Aplastic Anemia Associated With Canthaxanthin Ingested for ‘Tanning’ Purposes 
R. Bluhm; R. Branch; P. Johnston; R. Stein (JAMA. 1990:264:1141) 


Guidelines for Long-term Use of Electroconvulsive Therapy 
M. Fink (JAMA. 1990;264:1174) 


Glare and Contrast Sensitivity for Clinicians (Nadler, Miller, Nadler, eds) 
R. Feist (JAMA. 1990;264:1329) 


1476 = Arch Ophthalmol—Vol 108, October 1990 


Systemic Amiloride—Avery et al 





M 





YI‘ 


L A N A N $ @ å D] E v 


with the exceptional accuracy 
of 1024-line resolution! 


IMAGEnet, from Topcon, is an exceptionally 
accurate and versatile computerized imaging 
system. Its instant angiography programming 
allows you to examine and treat patients in a 
single office visit. Not only can you instantly 
review angiograms, you can also enhance and 
manipulate them to expand diagnostic infor- 
mation. The high-resolution monitor (1280 x 
1024) provides easy reading and clearly de- 
fined detail, even in the foveal region. 

You'll further benefit from the speed and 
convenience of having all your images stored 
on optical disks and immediately accessible. 
IMAGEnet is easily interfaced with your pres- 
ent fundus camera and other ophthalmic 
instruments. And, because it was designed 
with the future in mind, it offers you 
unlimited system expansion possibilities. 

Call or write for our free brochure outlining 
the remarkable capabilities of IMAGEnet... 
the imaging system destined to revolutionize 
ophthalmology as we know it today. 


See us at Booth #1834 at 
the AAO Convention in Atlanta, GA 


IMAGEnet. 


Digital Imaging System 


oo TOPCON 


BRINGING THE FUTURE INTO FOCUS. 


Topcon Instrument Corporation of America, 
65 West Century Road, Paramus, NJ 07652 
(201) 261-9450 

Western Regional Office: 

325 N. Wiget Lane, Walnut Creek, CA 94598 
(415) 947-4800 

© 1990 








IA Vitro 


Pey man Svstem 


The new Vitrophage console is the 
only instrument you may need in 
your operating room for cataract and 
vitreous surgery. Built to last, simple 
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vitrectomy 
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IRRIGATION/ASPIRATION 
MODE 


e Sets up within 15 seconds 
e Linear aspiration 


e Finger tip and/or foot switch 
activated aspiration 
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e Disposable handpieces 


e Rotatable suction port 





e Wide range of disposable cutting 
handpieces for cataract and vitreous 
surgery 

e Wide range of disposable fiber-optic 
light pipe picks, dissectors and 
aspirators 
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Recurrent Acanthamoeba Keratitis . 
Following Penetrating Keratoplasty 





Fig 3.—Acanthamoeba cysts (stained 
brown) are identified in the anterior stroma of 


: ee ee. eae , paraffin cut sections using a rabbit polyclonal 
Fig 1.—Slit-lamp examination reveals a num- Fig 2.—The ringlike component of the lesion antibody against Acanthamoeba and the avi- 





mular central and paracentral lesion with an- is best appreciated using sclerotic scatter. din biotin immunoperoxidase technique (he- 
terior stromal opacification, epithelial irregu- matoxylin counterstain, x 125). 


larity, and diffused conjunctival injection. 





Fig 4.—Periodic acid—Schiff stain reveals 
Acanthamoeba organisms in the corneal 
stroma (arrows) ( x 250). 





Fig 5.—Recurrence of Acanthamoeba kerati- 

tis is noted in the mid and deep stroma along 
suture tracts (arrow), exclusively in the host „ 
portion of the peripheral cornea. 
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ga veao female soft contact-lens 
wearer was referred with a diagnosis of 
herpetic keratouveitis refractory to 
therapy. Her visual acuity was 20/60 
OD and 20/20 OS. The bulbar conjuncti- 
va was diffusely injected and there was 
no preauricular adenopathy. The cornea 
revealed a central 3-mm epithelial defect 
surrounded by heaped epithelium, a dense 
stromal infiltrate, and keratic precipitates 
(Figs 1 and 2). 

Bacterial, viral, and fungal cultures and 
cultures and scraping for Acanthamoeba 
were negative, as was direct fluorescent 
antibody staining for herpes simplex. 
Gram’s stain revealed rare gram-negative 
rods. Treatment consisted of a bandage 
contact lens, oral acyclovir, trifluridine 
(Viroptic), 1% prednisolone acetate (Pred 
Forte), and 0.8% gentamicin sulfate (Gen- 
optic). After 3 months, the patient under- 
went a penetrating keratoplasty. Results of 
pathologic examination were consistent 
with Acanthamoeba keratitis (Figs 3 and 
4). 

Postoperative management consisted of 
oral ketaconazole, 1% prednisolone acetate, 
1% tropicamide (Mydriacyl), neosporin, and 
propamidine isethionate. Two weeks after 
operation, a recurrence of Acanthamoeba 
was noted in the graft (Fig 5), which 
cleared within 1 week with the addition of 
1% topical clotrimazole. Ten months after 
operation, the graft was clear and compact, 
and best corrected visual acuity was 20/20 

OU. 


COMMENT 


Factors predisposing to protozoal in- 
fection with Acanthamoeba include 
contact lens wear, homemade saline 
lens solutions, cold disinfection sys- 
tems, and exposure to water in swim- 
ming pools or hot tubs.’ Presenting 
symptoms include pain, photophobia, 
blurred vision, tearing, blepharo- 
spasm, and foreign body sensation.” 
Acanthamoeba keratitis typically pre- 
sents with a central or paracentral 
corneal infiltrate that often progresses 
to include a ring-shaped peripheral 
© infiltrate. 
~ The diagnosis of Acanthamoeba in- 
fection can be difficult even when it is 
suspected clinically. Hematoxylin-eo- 
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sin, periodic acid-Schiff, Giemsa, 
Wright’s, trichrome, calcofluor white, 
and other stains are all adequate for 
demonstrating Acanthamoeba in clini- 
cal specimens.” Acanthamoeba can 
grow alone on blood or on chocolate 
agar; however, culturing on minimal 
nutrient agar with an Escherichia coli 
overlay is advised. 

Prolonged medical management may 
include topical neomycin sulfate, pro- 
pamidine isethionate, 1% topical mi- 
conazole, and 1% clotrimazole.* Keto- 
conazole, natamycin, and paromomycin 
have had variable clinical results. With 
early detection and appropriate thera- 
py, as many as 60% of cases may be 
treated with medical management 
alone with resultant visual acuity of 
20/200 or better.’ In spite of aggressive 
early management, many cases will 
come to penetrating keratoplasty. The 
recurrence rate of Acanthamoeba in 
grafts is approximately 30%, despite 
continued antiprotozoal therapy fol- 
lowing penetrating keratoplasty. Re- 
gardless of management, as many as 
40% of patients will have a final visual 
acuity of less than 20/200.’ 


RANDAL J. PETERSON, MD 
MORTON E. SMITH, MD 
JAY S. PEPOSE, MD, PHD 
St Louis, Mo 
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Surgical Technique 


A Two-Stage Technique for Intraoperative Fluid-Gas 
Exchange Following Pars Plana Vitrectomy 


David F. Williams, MD; Mark A. Peters, MD; Gary W. Abrams, MD; 


Dennis P. Han, MD; William F. Mieler, MD 


è We describe herein a two-stage tech- 
nique of intraoperative fluid-gas ex- 
change following pars plana vitrectomy. 
The first stage is a complete fluid-air 
exchange using an air pump and intrao- 
cular linear suction. The air pump then 
maintains the intraocular pressure at the 
desired level during adjunctive proce- 
dures, such as laser endophotocoagula- 
tion. The second stage is an air-gas mix- 
ture exchange in which the desired gas, 
premixed in air to the desired final intrao- 
cular concentration, is manually flushed 
through the eye. This technique allows 
the attainment of an accurate concentra- 
tion of intraocular gas if the air-gas mix- 
ture exchange is complete. In vitro and in 
vivo experiments in aphakic human eyes 
demonstrated that an effectively com- 
plete air-gas mixture exchange occurs 
with a 25-mL flush volume. This result 
compares favorably with the theoretical 
prediction derived from a “pharmacoki- 
netic approximation” equation. 

(Arch Ophthalmol. 1990;108:1484- 
1486) 


ong-lasting intraocular gases, such 

as perfluoropropane and sulfur 
hexafluoride, are useful in the treat- 
ment of retinal detachments because 
they provide prolonged retinal tam- 
ponade that allows a firm adhesion to 
form between the retinal pigment epi- 
thelium and the neurosensory retina.” 
However, the expansile characteristics 
of these gases when used in the eye 
can cause ocular hypertension,” which 
may lead to vascular occlusion.’ This is 
a particular risk when a large pure gas 
bubble is placed in the eye after vitrec- 
tomy.’ The use of a nonexpansile or 
slightly expansile concentration of gas 
may diminish the likelihood of ocular 
hypertension while still providing a 
long-lasting intraocular gas bubble.** 
Optimal treatment requires the ability 
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to attain a known concentration of gas 
within the eye. 

We use a two-stage teehnique for 
intraoperative fluid-gas exchange after 
pars plana vitrectomy. A complete flu- 
id-air exchange is followed by an air- 
gas mixture exchange in which the 
gas, premixed in air to the desired 
final intraocular concentration, is used 
to flush the original air from the eye. If 
the original intraocular air is not com- 
pletely replaced with the gas mixture, 
the intraocular gas concentration will 
be lower than expected and the postop- 
erative gas bubble may not be as large 
as expected or provide the desired 
duration of retinal tamponade. 

The minimum volume of gas mixture 
needed to completely flush the air from 
the eye was previously unknown. We 
studied the relationship between the 
intraocular gas concentration and the 
volume of a gas mixture flushed 
through the aphakic human eye to 
determine the minimum volume neces- 
sary to obtain an effectively complete 
air-gas mixture exchange. 


MATERIALS AND METHODS 
in Vitro Gas Concentration 


To determine the volume ef gas flush 
necessary to accomplish a complete air-gas 
mixture exchange, four normal enucleated 
human eyes obtained from the Wisconsin 
Lions Eye Bank, Milwaukee, were used. 
The intraocular contents were removed 
from each eye through a 15-mm chord- 
length incision 3 mm posterior and parallel 
to the limbus. The incision was closed with 
a combination of running and interrupted 
6-0 nylon sutures, and cyanoacrylate tissue 
adhesive was applied to the sutured wound 
to obtain an airtight seal. 

Each eye was initially filled with room 
air, and various volumes ef a gas mixture 
containing 20% sulfur hexafluoride in air 
were flushed through the eye. Intraocular 
gas samples were obtained after flushes of 
5, 10, 15, 20, 25, 30, 50, amd 100 mL of the 
gas mixture. After each sample was taken, 
the eye was flushed with 360 mL of room air 
in preparation for the next flush volume of 
gas mixture. The absence of measurable 
intraocular sulfur hexaflueride after each 
room-air flush was verified by gas chro- 
matographic analysis. The entire flush se- 
quence was performed twice in each eye. 

The experimental apparatus is shown in 
Fig 1. The infusion port consisted of a 22- 
gauge, 2.5-cm needle with an airtight three- 
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way valve and an attached 60-mL syringe 
containing the gas mixture. An identical 
needle and valve with an attached helium- 
filled tuberculin syringe was used as a 
vent/sample port. Each needle was passed 
through unincised pars plana into the vitre- 
ous cavity. To begin a flush sequence of the 
initially air-filled eye, the vent/sample port * 
was opened to the atmosphere and the 
desired volume of gas mixture was injected 
through the infusion port. Both the infusion 
and vent/sample ports were then immedi- 
ately closed to the eye and the helium in the 
tuberculin syringe was expressed through 
the three-way valve to the atmosphere, 
thus filling the dead space of the valve and 
syringe with helium. Since helium was the 
carrier gas in our gas chromatograph, this 
technique minimized potential sample con- 
tamination. The vent/sample port was then 
opened between the eye and tuberculin 
syringe and a minimum of 0.75 mL of 
intraocular gas was withdrawn for analysis. 
The eye was then flushed with room air and 
the above sequence repeated for each flush 

volume of the air-gas mixture. “= 


In Vivo Gas Concentration 


To evaluate the intraocular gas concen- 
tration during in vivo air-gas mixture ex- 
change, gas samples were obtained intrao- 
peratively from four aphakic human eyes. 
After vitrectomy and associated techniques 
had relieved all retinal traction, an air 
pump was connected to the eye via the 
infusion cannula of a standard three-port 
pars plana vitrectomy arrangement. With 
the air insufflation pressure set at a con- 
stant 30 mm Hg, a suction needle was used 
to aspirate the intraocular fluid. After a 
complete fluid-air exchange, the intraocular 
pressure was maintained by the air pump 
while laser endophotocoagulation and/or 
other necessary adjunctive procedures 
were performed. The two superior scleroto- 
mies were then sutured closed and a 60-mL 
syringe containing a gas mixture of 15% 
perfluoropropane in air was connected to 
the infusion cannula in place of the air 
pump. A 30-gauge, 1.25-em needle with an 
attached gastight three-way valve was 
passed through the pars plana to function as 
a vent/sample port. The gas mixture was 
then flushed through the eye via the infu- 
sion cannula in the inferotemporal sclerot- 
omy in 5-mL increments up to a total of 
30 mL, then in 10-mL increments up to a 
total of 50 mL. A minimum of 0.5 mL of 
intraocular gas for analysis was withdrawn 


into a tuberculin syringe attached to the æ 


three-way valve after each increment of gas 
was administered. The dead space of the 
tuberculin syringe was filled with helium. 
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Fig 1.— Experimental apparatus. The infusion port (large arrow) is attached to a 60-mL syringe 
containing the gas mixture. The vent/sample port (small arrow) has an attached tuberculin 
syringe into which intraocular gas samples were aspirated. 
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Fig 2.—Result of in vitro and in vivo experiments parallel the theoretically predicted values. A 
97% complete air-gas mixture exchange was attained with a 25-mL gas flush volume. The v 
indicates the volume of gas flush; v,, the volume of the aphakic eye. 


Gas Mixture Preparation 


To minimize the concentration effect of 
potential gas diffusion through the wall of 
plastic syringes,” preparation of the ex- 
pansile gas mixture was done immediately 
prior to its use in both the in vivo and in 
vitro systems. Commercially prepared gas 
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mixtures of known concentrations were 
used in the in vivo studies. In some of the in 
vitro experiments the desired concentration 
of gas was prepared by aspirating the nec- 
essary volume of pure, sterile, filtered, 
sulfur hexafluoride or perfluoropropane 
into a 60-mL plastic syringe. This volume of 
pure gas was then diluted to a total volume 





of 60 mL with sterile filtered room air. For 
example, to obtain a 15% gas concentration, 
9 mL of pure gas was diluted with 51 mL of 
air to obtain a total gas mixture volume of 
60 mL. Comparison of a gas mixture pre- 
pared in this fashion with a commercially 
prepared gas mixture has demonstrated a 
mean (+SD) accuracy of 3% + 1.2%.” 


Gas Analysis 


All gas samples were analyzed within 15 
minutes of their acquisition in a gas chro- 
matograph (Quintron, Milwaukee, Wis) us- 
ing helium as a carrier gas. The percent 
volume concentration of sulfur hexafluoride 
or perfluoropropane was calculated by com- 
parison with a reference gas of known con- 
centration. The reference gas used for the 
analysis of samples from each eye was the 
same mixture as that used to flush the eye. 
The results were corrected for water vapor 
content and for dilution by helium.” The 
data were expressed as the percent of theo- 
retical maximum intraocular gas concentra- 
tion or as the fraction of original intraocular 
air remaining vs gas mixture flush volume. 
The experimental results were compared 
with values predicted by a “pharmacokinet- 
ic approximation” equation” as follows: 

(ce/e,)=e "o 

in which ¢ indicates the concentration of 
residual air in the eye; ¢,, the original 
concentration of air in the eye; v, the vol- 
ume of gas flush; v,, the volume of the 
aphakic eye; and e, the base of the natural 
logarithm function, which is equal to 2.718. 
The volume of the aphakic human eye was 
considered to be 6.5 mL." 


RESULTS 


The results are shown in Fig 2. The 
intraocular gas concentration—gas-mix- 
ture flush volume relationship in both 
the in vitro and in vivo air-gas mixture 
exchanges closely parallels the predict- 
ed values. At a flush volume of 10 mL, 
approximately 80% of the original air 
has been replaced, while at 20 mL, the 
exchange is 95% complete. The maxi- 
mum intraocular gas concentration 
was obtained after a 25-mL flush and 
was approximately 97% of the predict- 
ed maximum concentration. The larger 
flush volumes we used did not result in 
a higher intraocular gas concentration. 


COMMENT 


Obtaining an intraocular gas bubble 
that provides the maximum duration of 
retinal tamponade while minimizing 
the risk of ocular hypertension re- 
quires a complete fluid-gas exchange in 
which a known concentration of gas is 
attained within the eye. This may be 
accomplished by insufflation of the de- 
sired concentration of gas and simulta- 
neous intraocular fluid aspiration.’*” 
However, if the gas is injected manual- 
ly from a hand-held syringe, precise 
control of intraocular pressure during 
the exchange and subsequent intraocu- 
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lar manipulations may be difficult, and 
large fluctuations of intraocular pres- 
sure may occur. Furthermore, a sub- 
stantial gas volume may be lost to the 
atmosphere of the operating room dur- 
ing these procedures. The develop- 
ment of an automated infusion pump 
capable of handling gas mixtures could 
obviate intraocular pressure fluctua- 
tions but would still result in excessive 
loss of gas into the atmosphere. 

The described two-stage technique 
for fluid-gas exchange allows precise 
control of intraocular pressure during 
complete fluid aspiration and subse- 
quent adjunctive procedures, such as 
laser endophotocoagulation. In a varia- 
tion of the technique described, a scler- 
otomy with a preplaced suture can be 
used as a venting port during the air- 
gas mixture exchange. The suture is 
quickly tied after the desired volume of 
gas mixture is flushed through the eye. 
Reserving the gas mixture insufflation 
until the last step, before closure of the 
sclerotomies, should minimize the loss 
of gas. However, the air-gas mixture 
exchange must be complete to attain 
the desired intraocular gas concentra- 
tion. Failure or inability to completely 
replace the original intraocular air 
with the mixture would result in a 


lower intraocular gas concentration 
than expected. The postoperative gas 
bubble would then be smaller than 
desired and the extent and duration of 
retinal tamponade may be inadequate. 

The completeness of the air-gas mix- 
ture exchange may be expressed by 
considering the fraction of the original 
air that remains in the eye. Before the 
exchange is begun this fraction is 1, 
and after a theoretically complete ex- 
change the fraction is 0. The relation- 
ship between the fraction of original 
air remaining and the volume of gas 
mixture flushed through the eye is 
given by the above “pharmacokinetic 
approximation” equation.” From this 
equation it can be seen that at 0 flush 
volume (v=0) the residual air concen- 


1. Norton EWD. Intraocular gas in the manage- 
ment of selected retinal detachments. Trans Am 
Acad Ophthalmol Otolaryngol. 1973;77:85-98. 

2. Lineoff H, Mardirossian J, Lincoff A, Liggett 
P, Iwamoto T, Jakobiec F. Intravitreal longevity of 
three perfluorocarbon gases. Arch Ophthalmol. 
1980;98:1610-1611. 

3. Lincoff H, Coleman H, Kreissig I, Richard G, 
Chang S, Wilcox LM Jr. The perfluorocarbon gases 
in the treatment of retinal detachments. Ophthal- 
mology. 1983;90:546-551. 

4. Chang S, Lincoff H, Coleman DJ, Fuchs W, 
Farber M. Perfluoropropane gases in vitreous sur- 
gery. Ophthalmology. 1985;92:651-656. 

5. Chang S, Coleman JD, Lincoff H, Wilcox LM 
Jr, Braunstein RA, Maisel JM. Perfluoropropane 
gas in the management of proliferative vitreoretin- 
opathy. Am J Ophthalmol. 1984;98:180-188. 

6. Abrams GW, Swanson DE, Sabates WI. The 


tration is equal to the original air con- 
centration. Similarly, to effect a com- 
plete air-gas mixture exchange (c=0), 
the volume of gas flush (v) must be 
infinitely large. 

The equation assumes an ideal leak- 
free system in which instantaneous 
complete mixing occurs at all times.” 
Any characteristics of the system that 
impair complete mixing may cause a 
departure from the relationship pre- 
dicted by the equation. In the aphakic 
human eye, ideal mixing may not occur 
due to the presence of dead space, 
particularly in the anterior chamber 
angle, in the region of the ciliary pro- 
cesses, and in any areas of residual 
vitreous. Variations in the rate of gas 
mixture flush may also influence the 
mixing efficiency, and leaks may occur 
via the sclerotomies. 

We undertook the present study to 
evaluate the characteristics of an air- 
gas mixture exchange in the human 
eye and to compare those findings with 
the results predicted by the equation. 
The experimental results suggest that 
a 97% or greater air-gas mixture ex- 
change can be achieved in an aphakic 
human eye using a minimum flush vol- 
ume of 25 mL of gas mixture. Analysis 
of gas samples obtained intraoperati- 
vely confirmed this finding. These re- 
sults approximate the relationship pre- 
dicted by the equation, in which a flush 
volume of four times the eye volume 
(assumed to be 6.5 mL) results in a 
98% air-gas exchange. Although larger 
flush volumes should theoretically al- 
low one to approach a 100% air-gas 
exchange, our exchange efficiency did 
not rise substantially with flush vol- 
umes of up to 100 mL. The departures 
from the ideal noted above for the 
human eye probably account for this 
finding. 

The intraocular gas cencentration is 
a direct function of the extent of air- 
gas mixture exchange. Thus, a 97% 
exchange would result in an intraocu- 
lar gas concentration that is 97% of the 
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insufflated gas mixture. This small def- 
icit in gas concentration would proba- 
bly have a minimal effect on the size 
and duration of the gas bubble. Thus, 
for practical purposes, the data show 
that an effectively complete exchange 
ean be obtained with a 25-mL flush 
volume. 

We did not study air-gas mixture 
exchanges in phakic eyes in vivo. Data 
from air-gas mixture exchanges in enu- 
cleated phakic eyes were limited by 
experimental difficulties encountered 
in maintenance of anterior chamber 
volume, but suggested a similar intrao- 
cular gas concentration—-flush volume 
relationship to aphakic eyes (data not 
shown). The smaller intraocular vol- 
ume available for an air-gas mixture 
exchange and possibly less available 
dead space in phakic eyes suggests 
that, theoretically, a nearly complete 
exchange could be accomplished with 
less flush volume than in aphakic eyes. 
Similarly, if the intraocular volume is 
reduced by the effects of a scleral 
buckle, a smaller flush volume may 
also be adequate. This is supported by 
comparing our in vivo and in vitro 
data. The in vivo eyes each had a 
scleral buckle and demonstrated a 
slightly higher intraocular gas concen- 
tration after flush volumes of 15 and 
20 mL. 

We believe that the two-step fluid- 
gas exchange technique described 
above allows good control of intraocu- 
lar pressure and minimal loss of expan- 
sile gas to the atmosphere during and 
immediately after intraoperative fluid- 
gas exchange. We recommend that if 
this technique is used, the air-gas mix- 
ture exchange should be done using a 
minimum flush volume of 25 mL of the 
desired gas mixture. 
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60th Ann Mid-Winter Ophthalmol Clin Conf At: 
Los Angeles Dates: 2/8/91 to 2/10/91 Hrs Instr: 


before 1/1/91, $350 after 1/1/91; $160 for resi- 
dent phys & retired phys Sponsor: Res Study 
Club of Los Angeles Contact: Ms Louise Ball, 
Exec Secy, PO Box 1216, Murrieta, CA 92362; 
(714) 677-4482 


Ophthalmol Cont Educ Prgms 1989-1990 At: Los 
Angeles Dates: throughout 1990 Sponsor: Jules 
Stein Eye Inst and Dept of Ophthalmol, UCLA 
Sch of Med Contact: Gretchen Falvo, Dir, Ac- 
ademic Prgms; (213) 825-4617 


SIXTIETH ANNUAL 


The Ophthalmol Rev Course Honoring Crowell 
Beard, MD, At: San Francisco Dates: 11/8/90 to 
11/13/90 Reg Fee: 6-day course, $690, physi- 
cians, $460, residents; extra mock orals day, $50; 
repeating course within 2 years, $345 Contact: 
Joseph H. Selliken, Jr, MD, The Osler Inst, 1094 
Dawn Lane, PO Box 2218, Terre Haute, IN 
47802; (800) 356-7537 or (812) 299-5658 


New Ideas on Common Retinal Disorders At: San 
Francisco Dates: 12/13/90 to 12/14/90 Spon- 
sor: Dept of Ophthalmol, Univ of California Sch 
of Med at San Francisco Contact: Extended 
Prgms in Med Educ, Room C-124, Univ of Cal- 
ifornia, San Francisco, CA 94143; (415) 476-4251 


Therapeutic Ultrasound for Glaucoma At: Santa 
Monica Date: 12/7/90 Contact: Mary Martin, 
Found for Ophthalmic Educ, 2232 Santa Monica 
Blvd, Santa Monica, CA 90404; (213) 829-4711 or 
Clare Kilgore, Sonocare Inc, 21 Industrial Ave, 
Upper Saddle River, NJ 07458; (201) 825-7550 


COLORADO 


The Wilmer Inst Current Concepts in Ophthalmol 
Eighth Ann Mtg At: Vail Dates: 3/9/91 to 3/16/ 
91 Hrs Instr: 30 Reg Fee: $500, $350 (those in 
trng) Contact: Off of Cont Educ, The Johns 
Hopkins Med Inst, Turner Bldg, 720 Rutland 
Ave, Baltimore, MD 21205-2195; (301) 955-2959 


FLORIDA 


Pediatric Ophthalmol Cruise Sem At: Ft Lauder- 
dale Dates: 1/5/91 to 1/12/91 Sponsor: Chil- 
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MID-WINTER OPHTHALMOLOGY CLINICAL CONFERENCE 


Sponsored by the. 


RESEARCH STUDY CLUB OF LOS ANGELES 
Friday, Saturday, Sunday, February 8, 9, 10, 1991 
Moseley-Salvatori Conference Center 
637 South Lucas Avenue, Los Angeles, California 90017 


GUEST FACULTY 


EVE HIGGENBOTHAM, M.D., Ann Arbor, MI 
RICHARD L. LINDSTROM, M.D., Minneapolis, MN 
WILLIAM SCOTT, M.D., Iowa City, IA 


WM. T. SHULTS, Portland, OR 


Organized in 1913 and incorporated in 1932, this continuing education program for ophthalmologists and 
otolaryngologists maintains an outstanding reputation for excellent speakers. The 60th anniversary will 
be a gala event and provides as many as 15 Category I credits toward the CMA Certificate in Continuing 
Medical Education and the AMA Physicians Recognition Award. The program format features lectures, 
panel discussions, and luncheon question and answer sessions with the faculty. 


J. BRONWYN-BATEMAN, M.D., Program Co-Chairman 
JAMES SALZ, M.D., Program Co-Chairman 


Registration Fee: $295 for practicing physicians if received before January 1, 1991; $350 after that date. 
(Military physicians pay the same fee as practicing physicians) 
$160 for resident physicians, retired physicians 
For further information on registration, hotel reservations, or exhibits, contact: 
Ms. Louise Ball, Executive Secretary, 
P.O. Box 1216, Murrieta, CA 92362, or call/FAX (714) 677-4482 
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Seventh Annual 


o Winter Glaucoma 
ERr 
eri ier 11. 





Symposium and Practice 
Management Seminar 


February 17-19, 1991 
Hyatt Regency, Grand Cayman, 
British West Indies 


Attend the Seventh Annual Winter Glaucoma Symposium and learn 
the latest developments in glaucoma therapy, earn CME credits and 





pick up essential practice management skills while enjoying the 
sun-drenched fun of the Cayman Islands. 

The guest speaker, Stephen M. Drance, MD, will lecture on 
“Low-Tension Glaucoma.” The two half-day sessions will also include 
presentations on: 

e Predicting risk in ocular hypertension 

e Managing glaucoma in patients with cataracts 

e Pregnancy and glaucoma 

e Filtering procedures 

e Neovascular, pigmentary and traumatic glaucoma 

e Managing the flat anterior chamber 

e Confocal scanning laser ophthalmoloscopy 

In addition to the medical forum, Robert Hirsh and Marian Metzger 
will offer a half-day session in practice management. Attendees may 
also meet individually with the consultants, at no additional charge. 





Distinguished Panel of Experts: 

Program Chairman: Jacob T. Wilensky, MD, University of Illinois 
Allan E. Kolker, MD, Washington University 

Irvin P. Pollack, MD, Johns Hopkins University 


Moderator : Alan L. Robin, MD, Johns Hopkins University 


Guest Speaker: Stephen M. Drance, MD, Professor, Department of ~ 
Ophthalmology, University of British Columbia and Honorary President 
of the XXVII International Congress of Ophthalmology 


Fee: $450. Prior to October 15: $400. 
CME Credit: 12 hours Category | through the University of Illinois 


Sponsored by IOLAB Pharmaceuticals 


Enrollment is limited to 100. 
Be sure to register today to reserve your place. 


To register, or for more information, contact Mr. David Townsend, 
Associates in Medical Marketing Co., Inc., 9 Pheasant Run Road, 
Newtown, PA 18940, (215) 860-9600. 

The better fares are limited; call early for travel information and 


reservations. Barbara Sotire, Rosenbluth Travel, 2110 Route 70 East, 
Cherry Hill, NJ 08003, (609) 424-0367, (800) 232-6672. 


x 
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drens Hosp of Los Angeles Contact: Kenneth 
W. Wright, MD, Childrens Hospital of Los An- 
geles, Div of Ophthalmol, 4650 Sunset Blvd, Los 
Angeles, CA 90027; (213) 669-2513 


Canadian Implant Assn Florida Winter Workshop 
At: Hollywood Dates: 12/27/90 to 12/29/90 
Contact: Marvin L. Kwitko, Md, Prgm Chair- 
man, 5591 Cote des Neiges Rd, Montreal, Que- 
bec, Canada, H3T 1Y8; (514) 735-1133 


Uveitis for the Practicing Ophthalmologist At: 
Miami Dates: 1/18/91 to 1/19/91 Hrs Instr: 9.5 
Reg Fee: $225 Contact: Bascom Palmer Eye 
Inst, PO Box 015869, Miami, FL 33101; (305) 
326-6099 


GEORGIA 


Adv Vitreoretinal Surg At: Atlanta Dates: 10/26/ 
90 to 10/27/90 Sponsor: The Emory Eye Ctr of 
Emory Univ Sch of Med Contact: CME, Emory 
Univ Sch of Med, 1440 Clifton Rd, NE Atlanta, 
GA 30322; (404) 727-5695 


Internati Soc of Refractive Keratoplasty Pre- 
Academy Symp and Demonstration Session 
At: Atlanta Dates: 10/26/90 to 10/27/90 Hrs In- 
str: 8 Reg Fee: $225 Contact: Catherine M. 
Brod, Exec Dir, ISRK, 1855 W Taylor St, Chi- 
cago, IL 60612; (312) 996-4747 


21st Ann Sci Symp At: Atlanta Date: 10/27/90 
Sponsor: Am Soc of Ophthalmic Plastic & Re- 
construction Surg Contact: Paul T. Gravaris, 


MD, Prgm Chrmn, 1990, ASOPRS, 4910 Massa- 
chusetts Ave, NW, Suite 21, Washington, DC 
20016; (202) 686-0239 


Third Internati Cong on Laser Surg of the Cornea 
At: Atlanta Dates: 11/2/90 to 11/3/90 Reg Fee: 
$400 before 9/1/90; $500 after 9/1/90 Contact: 
CME, Emory Univ Sch of Med, 1440 Clifton Rd, 
NE, 111-A WHSCAB, Atlanta, GA 30322; (404) 
727-5695 


HAWAII 


12th Ann Royal Hawaiian Eye Mtg At: Honolulu 
Dates: 1/19/91 to 1/26/91 Hrs Instr: 28 Contact: 
Mary Charles & Assoc, 2334 S. King St, Suite 
205, Honolulu, HI 96826; (808) 942-9655 


MARYLAND 


Diabetic Retinopathy in 1990 At: Baltimore Date: 
11/16/90 Hrs Instr: 8.5 Reg Fee: $225, $110 (res- 
idents, fellows, & allied health professionals) 
Sponsor: The Wilmer Inst Contact: Prog Co- 
ord, The Johns Hopkins Med Institutions, Of- 
fice of Cont Educ, Turner Bldg, 720 Rutland Ave, 
Baltimore, MD 21205; (301) 955-2959 


The Wilmer Inst Third Ann Curr Concepts in Oph- 
thalmol & a Phaco “Wet Lab” At: Baltimore 
Dates: 12/6/90 to 12/8/90 Hrs Instr: 20 Reg Fee: 
$300, $250 (residents & fellows), $250 (Phaco 
“Wet Lab”) Contact: Prog Coord, The Johns 
Hopkins Med Institutions, Office of Cont Educ, 
Turner Bldg, 720 Rutland Ave, Baltimore, MD 
21205; (310) 955-2959 








Third National Eye Inst Symp on Eye Dis Epide- 
miology At: Bethesda Dates: 3/25/91 to 3/27/91 
Contact: Johanna McDonough, Senior Conf 
Specialist, Social & Sci Systems, 7101 Wiscon- 
sin Ave, Suite 610, Bethesda, MD 20814-4805; 
(301) 986-4870 


MISSOURI 


Excimer Laser Course, Refractive & Therapeutic 
At: Kansas City Dates: 12/8/90 to 12/9/90 Reg 
Fee: $900. Didactic and Wet Lab Sponsor: Dept 
of Ophthalmol, Univ of Missouri-Kansas City 
Sch of Med Contact: John W. Irvine, MD, Eye 
Found of Kansas City, 2300 Holmes, Kansas 
City, MO 64108; (816) 881-6150 


NEVADA 


Contact Lens Assn of Ophthalmologists (CLAO) 
1991 Ann Mtg At: Las Vegas Dates: 1/13/91 to 
1/16/91 Contact: Mtgs Registrar, CLAO, 523 
Decatur St, Suite 1, New Orleans, LA 70130- 
0127; (504) 581-4000, FAX (504) 581-5884 


NEW YORK 


Basic Sci Course in Ophthalmol At: New York 
Dates: 9/5/90 to 12/31/90 Hrs Instr: 154 Reg 
Fee: $1100 Contact: NY Univ Med Ctr, Post- 
Grad Med Sch, 550 First Ave, New York, NY 
10016; (212) 340-5295 


The LuEsther T. Mertz Vitreous-Retina-Macula 
Lectures At: New York Dates & Speakers: 10/ 
16/90-Bert Glaser, MD; 1/15/91-Froncie A. 
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7TH ANNUAL LIVE OPHTHALMIC PLASTIC Announcing the 17th Annual 
SURGERY WORKSHOP FRONTIERS IN 
MASTERS OF OPHTHALMIC OPHTHALMOLOGY 
UR a continuing medical education 4 
PLASTIC SURGERY RON seminar to be held ) 
March 1 - 2, 1991 TIERSIN | February 21, 22 & 23, 1991 
CURRICULUM: This course will cover major topics in at the famed 
ophthalmic plastic surgery and will be informally taught by Red Lion’s La Posada Resort 
lecture and live surgery. They include: orbital and lacrimal Scottsdale, Arizona 


surgery; blepharoplasty; ptosis surgery; ectropion and 
entropion correction; cryosurgery; enucleation and socket 
surgery; thyroid eyelid malposition, dermis-fat grafting. 
Participants are allowed free access to OR’s, teaching 
classrooms and simulcast video. 


COURSE DIRECTORS: Richard Lisman, M.D., 
Rene Rodriguez-Sains, M.D., Murray Meltzer, M.D., 
Byron Smith, M.D. 


INVITED SURGEONS: Richard L. Anderson, M.D., 
Charles R. Leone, Jr., M.D., Orkan G. Stasior, M.D. 


Topics and faculty members will include: 
CATARACT: Jerry Tennant, M_D., Dallas Eye Institute 
* CORNEA: Thomas Pettit, M.D.. UCLA Medical Center 
«GLAUCOMA: Dale K. Heuer, M.D., University of Southern 
California ° OCULOPLASTIC: Richard L. Anderson, M.D., The 
University of Utah» PEDLATRIC/MOTILITY: William E. Scott, 
M.D., University of lowa * RETINA— VITREOUS: H. Richard 
McDonald, M.D., University of California—San Francisco 





Sponsored by St. Luke’s Medical Center and 
Prentice Eye Institute, Phoenix 
Edward L. Shaw, M.D., Seminar Chairman 


STAFF SURGEONS: Steven Bosniak, M.D., 
Albert Hornblass, M.D., Hamson Sisler, M.D. 


INSTRUCTORS: B. Arthurs, N. Barna, E. Bedrossian, 
S. Gilbard, K. Hyde, D. MacDonald, E. Maher, 


Category | C.M.E. Credit will be awarded 


Frontiers in Ophthalmology 
February 21, 22 & 23, 1991 


For pre-registration or request for information: 


m 


J. Nassif, P. Silverstone, G. Stasior 
eS A - — — 


City ee i 


LIMITED REGISTRATION PANTS 
CME CATEGORY I ACCREDITATION 


y 
OY The Deparment of \Na 


2 es y -5 ) 


Registration Fee: $375 
If registering please fill out form and send with check. If for 
information only please fill out and send either/or to 
Christine Campbell, Meeting Planner 
Frontiers in Ophthalmology 
1419 E. Divot Drive Tempe, Arizona 85283 
(602) 820-7027 
Make check payable to “St Luke's Medical Center 


For further information contact: 
Kimberly Corbin, Course Coordinator OPHTHALMOLOGY 
Department of Ophthalmology A 309 FF 
Manhattan Eye, Ear & Throat Hospital Qi =e 

210 East 64th Street, New York, NY 10021 

(212) 605-3761 Fax: (212) 753-7699 
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The Retinal Vascular Center of 


The Wilmer Institute 


The Johns Hopkins Medical Institutions 
presents 


DIABETIC 
RETINOPATHY 
IN 1990 


Friday, November 16, 1990 


This course will stress diagnosis and treatment of 
all forms of diabetic retinopathy, applying and inter- 
preting the results of available studies, including 
results of the Early Treatment Diabetic Retinopathy 
Study (ETDRS). The faculty, including principal 
investigators of the ETDRS, will stress: 


e Recognizing stages of retinopathy for treatment 
with photocoagulation to prevent or reduce risk 
of visual loss; 


e Diagnosis and photocoagulation of diabetic 
macular edema; 


e Treatment of preproliferative and proliferative 
retinopathy. 


Cases will be presented to encourage active partici- 
pation and discussion between registrants and 
faculty. 


Course Director 
Robert P. Murphy, M.D. 


Location 
The Johns Hopkins Medical Institutions 
Baltimore, Maryland 


Course Fee 
$225 
$110 (those in training) 


Credit 
8.5 AMA Category | credits will be awarded 


Special Guest Faculty 
Lloyd M. Aiello, M.D. 
Emily Y. Chew, M.D. 

Matthew D. Davis, M.D. 

Frederick L. Ferris, Ill, M.D. 

Lawrence |. Rand, M.D. 


and 
The Wilmer Faculty 


For Further Information 
Office of Continuing Education 
The Johns Hopkins Medical Institutions 
Turner 20, 720 Rutland Avenue 
Baltimore, Maryland 21205-2195 
(301) 955-2959 
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Gutman, MD; 3/19/91-James J. Augsburger, 
MD Sponsor: Dept of Ophthalmol, Manhattan 
Eye, Ear & Throat Hosp Contact: Kimberly 
Corbin, Course Coord, Dept of Ophthalmol, 
MEETH, 210 E 64th St, New York, NY 10021; 
(212) 605-3761 


Glaucoma Sem At: New York Date: 11/10/90 
Sponsor: Dept of Ophthalmol, Manhattan Eye, 
Ear & Throat Hosp Contact: Kimberly Corbin, 
Course Coord, Dept of Ophthalmol, MEETH, 
210 E 64th St, New York, NY 10021; (212) 605- 
3761 


The Edward S. Harkness Eye Inst, Columbia- 
Presbyterian Med Ctr 1990-1991 Basic Sci and 
Clin Sci Course At: New York Dates: 1/3/91 to 
1/31/91 (Basic Sci Course) and 10/8/90 to 3/ 
22/91 (Clin Sci Course) Reg Fee: $750 Contact: 
Ms Clara Duffy, Prgm Coord, Edward S. Hark- 
ness Eye Inst, 635 W 165th St, New York, NY 
10032; (212) 305-2725 


Atlantic Coast Fluorescein Angiography Club 
Mtg At: New York Date: 1/11/91 Contact: 
Kimberly Corbin, Course Coord, Dept of Oph- 
thalmol, Manhattan Eye, Ear & Throat Hosp, 
210 E 64th St, New York, NY 10021; (212) 605- 
3761 


Masters of the Macula At: New York Date: 1/12/ 
91 Hrs Instr: 7 Contact: Kimberly Corbin, 
Course Coord, Dept of Ophthalmology, Man- 
hattan Eye, Ear & Throat Hospital, 210 E 64th 
St, New York, NY 10021; (212) 605-3761 
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Please send me additional information. 
University Microfilms International 


18 Bedford Row 
Dept. P.R 
London, WC1R 4EJ 
England 


300 North Zeeb Road 
Dept. P.R. 

Ann Arbor, MI 48106 
U.S.A. 


Name 
Institution 
Street 
City 

State 
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Seventh Ann Live Ophthalmic Plastic Surg Work- 
shop— Masters of Ophthalmic Plastic Surg At: 
New York Dates: 3/1/91 to 3/2/91 Contact: 
Kimberly Corbin, Course Coord, Dept of Oph- 
thalmol, Manhattan Eye, Ear & Throat Hosp, 
210 E 64th St, New York, NY 10021; (212) 605- 
3761; FAX (212) 753-7699 


41st Ann Postgrad Review Course in Ophthalmol 
At: Syracuse Dates: 11/30/90 to 12/1/90 Hrs In- 
str: 14 Contact: Office of Cont Educ, SUNY 
Health Sci Ctr at Syracuse, 750 E Adams St, 
Syracuse, NY 13210; (315) 464-4607 or 1-800- 
283-4606 


N CAROLINA 


The Univ of North Carolina Ophthalmol Resi- 
dents’ Day At: Chapel Hill Date: 12/1/90 Con- 
tact: Christine C. Cotton, Dept of Ophthalmol, 
CB 7040, 617 Clin Sci Bldg, Univ of North Caro- 
lina, Chapel Hill, NC 27599-7040 


TEXAS 


32nd Ann Course in Contact Lens Technology 
At: Houston Dates: 11/19/90 to 12/1/90 Con- 
tact: Bette Burkett, Contact Lens Technology 
Course, Cullen Eye Inst, Baylor Coll of Med, 
Houston, TX 77030 


W VIRGINIA 


11th Ann Ophthalmol Clin Conf At: Morgantown 
Dates: 10/19/90 to 10/20/90 Contact: Patricia 
Schumann, Conf Coord, Dept of Ophthalmol, 


Ophthalmology, 


MEDICAL 


COLLEGE 
OF WISCONSIN 


EYE INSTITUTE & 
CANCER CENTER 


JERRY A. SHIELDS, M.D. 
Philadelphia, PA 


West Virginia Univ Health Sci Ctr N, Morgan- 
town, WV 26506; (304) 293-3757 


WISCONSIN 


Ocular & Orbital Tumor Symp At: Milwaukee 
Dates: 12/7/90 to 12/8/90 Reg Fee: $250, par- 
ticipating physicians; $75, residents and fellows 
(reg deadline, 11/15/90) Contact: William F. 
Mieler, MD, Eye Inst/Med Coll of Wisconsin, 
8700 W Wisconsin Ave, Milwaukee, WI 53226; 
(414) 257-5544 


FOREIGN 


internat! Alpine Vitreoretinal Symp At: Tel/s/Ty- 
rol, Austria Dates: 1/6/91 to 1/13/91 Contact: 
Prof Dr S. Binder, c/o Vienna Med Acad, Alser 
Strasse 4, A-1090 Vienna; 0222/42 13 83; FAX 
0222/42 13 23 


Seventh Ann Winter Glaucoma Symp & Prac 
Mgmt Sem At: Grand Cayman, British West 
Indies Dates: 2/17/91 to 2/19/91 Hrs Instr: 12 
Reg Fee: $400 (before October 15); $450 (Octo- 
ber 15 and after) Contact: David Townsend, 
Assoc in Med Marketing Co Inc, 9 Pheasant Run 
Rd, Newtown, PA 18940; (215) 860-9600 


The Wilmer Inst Current Concepts in Ophthalmol 
13th Ann Mtg At: Dorado, Puerto Rico Dates: 
2/10/91 to 2/17/91 Hrs Instr: 30 Reg Fee: $500, 
$350 (those in trng) Contact: Off of Cont Educ, 
The Johns Hopkins Med Inst, Turner Bldg, 720 
Rutland Ave, Baltimore, MD 21205-2195; (301) 
955-2959 


Ocular & Orbital Tumor Symposium 


sponsored by 


December 7—8, 1990 


Wyndham Milwaukee Center 
Milwaukee, WI 


Course Directors 
Gerald J. Harris, M.D., FACS 
William F. Mieler, M.D., FACS 


Guest Faculty 


FREDERICK A. JAKOBIEC, M.D. 
Boston, MA 


Additional Speakers 
Medical College of Wisconsin Faculty from the Departments of 
Radiology, 
Oncology, Neurosurgery, and Otolaryngology 


Radiation-Oncology, Hematology 


REGISTRATION DEADLINE: NOVEMBER 15, 1990 
Participating Physicians—$250 


CME Credits Available 


For further information, contact: 
William F. Mieler, M.D. 
Eye Institute / Medical College of Wisconsin 
8700 West Wisconsin Avenue, Milwaukee, WI 53226 


Residents/Fellows—$75 


(414) 257-5544 
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THE BASCOM PALMER EYE INSTITUTE / UNIVERSITY OF MIAMI 
SCHOOL OF MEDICINE INVITES YOU TO 





THE NEURO-OPHTHALMOLOGY COURSE 
1990 





SHERATON ROYAL BISCAYNE HOTEL, KEY BISCAYNE, MIAMI, FLORIDA 


DEC. 6-8, 1990 


The following outstanding speakers will present the latest clinically relevant information 
on: LYME DISEASE, AIDS, OCULAR SYPHILIS; NEUROIMAGING; LEBER’S OPTIC 
NEUROPATHY UPDATE; and much more! 

Dr. Joseph Berger 
Dr. William W. Culbertson 
Dr. Janet L. Davis 
Dr. Bradley K. Farris 
Dr. Steve Galetta 
Dr. J. Donald M. Gass 
Dr. Joel S. Glaser 
Dr. Robert L. Lesser 
Dr. Thomas Naidich 
Dr. Eeva Nikoskelainen 
Dr. Andrew Pachner 
Mme. A. Paris-Hamelin 
Dr. Richard K. Porschen 
Dr. Norman J. Schatz 
Dr. J. Lawton Smith 
Dr. Robert Tomsak 
Registration is $325 for practitioners and $100 for residents. 
Write: NEURO-OPHTHALMOLOGY COURSE, Bascom Palmer Eye Institute, 
PO Box 015869, MIAMI, FL 33101. Phone (305) 326-6099 





"The University of Miami School of Medicine is accredited by the Accreditation Council for Continuing Medical Education (ACCME) 

to sponsor continuing medical education for physicians. The University of Miami School of Medicine designates this continuing medical 

education activity for 12.5 credit hours in Category 1 of the Physician’s Recognition Award of the American Medical Association" 
YALL COME!! 
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Get the facts 


on over 633,000 U.S. physicians 
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Available Now for Immediate Shipment 


The American Medical Directory 32nd edition 
Order the only comprehensive reference guide 
that puts the most current demographic, cre- 
dentials and professional physician information 
at your fingertips. 


Completely updated, this 6,000-page, 4-volume 
American Medical Directory, is the ideal resource 
for: 


e Locating any U.S. physician by name or by city 
and county within a state from over 633,000 
detailed listings 


e Verifying practices and credentials 


e Obtaining data verified by primary sources 


Order your copy today. 
Demand for the previous edition exceeded supply 
-so order your 4-volume set today. 


Call the American Medical Association 
toll-free: 


1-800-621-8335 
Reference OP390890 
Price: $495.00 

Please have your Visa 
or Mastercard ready. 








The University of Miami School of Medicine 
Department of Ophthalmology 


presents 


UVEITIS FOR 
THE PRACTICING OPHTHALMOLOGISTS 


January 18-19, 1991 
Bascom Palmer Eye Institute 
Miami, Florida 


GUEST FACULTY 
Mark Blumenkranz, M.D.—Detroit, Michigan 
Robert Nussenblatt, M.D.—Bethesda, Maryland 
Robert Weinberg, M.D.—Richmond, Virginia 


UNIVERSITY OF MIAMI FACULTY 
Elaine Chuang, M.D. 
Scott Cousins, M.D. 

W.W. Culbertson, M.D. 
Janet L. Davis, M.D. 
Harry W. Flynn, Jr., M.D. 
J. Donald M. Gass, M.D. 
Alana Grajewski, M.D. 
Stephen Pflugfelder, M.D. 
J. Lawton Smith, M.D. 
J. Wayne Streilein, M.D. 


Registration is $225.00 including coffee breaks, 
lunch on Friday, January 18, and all course ma- 
terials. 


The University of Miami School of Medicine Is ac- 
credited by the Accreditation Council for Con- 
tinuing Medical Education (ACCME) to sponsor 
continuing medical education for physicians, and 
designates this continuing medical education ac- 
tivity for 9.5 credit hours in Category 1 of the 
Physician's Recognition Award of the American 
Medical Association. 


Write: 

UVEITIS COURSE, Bascom Palmer Eye Institute 
P.O. Box 015869; Miami, FL 33101 
Telephone: 305/326-6099 
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The Osler Institute 
Ophthalmology Review Course 


November 8-13, 


1990 — San Francisco 


April 12-17, 1991 — Chicago’ April 26-May 1 — Boston’ 


Now, your comprehensive review just before written and oral exams 
OBJECTIVES 


e Improve basic and clinical knowledge in ophthalmology 
è Assist residents and fellows to study efficiently 
è Prepare candidates to take their board examinations 






TOPICS 


Fundamentals Ocular Surface 
Anatomy External Disease 
Biochemistry Cornea 
Physiology Conjunctiva 
Pharmacology Sclera 
Optics and Refraction Anterior Segment 
Ophthalmic Optics Anterior Angle 
Refractive Errors Glaucoma 
Instruments Lens 
Clinical Refraction Trauma 
Intraocular Orbit and Adnexa 
Inflammation Orbit 
Uveal Tract Eyelids 
Ocular Tumors Lacrimal System 
Posterior Segment PBO SULgSry 
Retina Medical Problems 
Vitreous Immunology 
Laser Surgery Endocrinology 
Macula Systemic Diseases 
Vascular Disease Emergencies 
Neuro-ophthalmology Ophthalmic Pathology 
Neuroanatomy Adnexa and Orbit 
Optic Nerve External Eye 
Visual Pathways Anterior Segment 


Pupillomotor System Posterior Segment 


Oculomotor System 


Other Activities 
Pediatric Eye Pathology Laboratory 
Congenital Disorders Written Exam 
Genetic Disorders Oral Exam 


Strabismus Exam Review 


Mail today to: 


1094 Dawn Lane, Dept 10 
P.O. Box 2218 
Terre Haute, IN 47802 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well." * 


Limited Enrollment: OPHTHALMOLOGY REVIEW REGISTRATION 


C] April 26-May 1, 1991 — Boston + 
[] Check is enclosed for $ 
C] Please send more information. 


t Course being planned 


METHODS 


e HOME STUDY assignments with questions and answers 
e SEMINAR with projection-slide lecture and syllabus 
e PRACTICE EXAMS with oral and written parts 


"Accommodations were comfortable...."* 











GOALS: This course for residents and 
practicing ophthalmologists is a com- 
prehensive review and update held the 
week before written and oral exams. 
Home study questions will be sent before 
the course. Your best value is to repeat the 
seminar for half price the week before 


Crowell Beard, M.D. 
Emer. Clin. Prof. of Ophth. 
Univ. of Calif., San Francisco 


Devron Char, M.D. 
Professor of Ophthalmology 
Univ. of Calif., San Francisco 


Steve Feldon, M.D. both written and oral exams. Topics and 

Assoc. Professor of Ophth. faculty are upgraded for each course. 

Univ. of Southern ifornia 

Peter Fries, M.D. | „And those little extras...."* 

oe Ss Mol Car LOCATION: The course is held in San 
. Francisco and Chicago as the most con- 

Donald Gagliano, M.D. venient location for exam candidates. The 


Chief of Retina and Vitreous 
Letterman Army Med. Ctr. 


Daniel Goodman, M.D. 
Clin. Ass’t. Prof. of Opth. 
Univ. of Calif., San Fransisco 


course hotel will be the best available com- 
bination of excellent study environment 
and bargain rates. 


"remarkably complete and pleasant."* 


David Guyton, M.D. 

Professor of Ophthalmology | LOWEST AIR FARES: Please call toll- 
Johns Hopkins University free 1-800-548-8185 for group discounts. 
Lee Hunter, M.D. 

Chief of Pediatric Ophth. "I feel [the course] helped me pass."* 
Letterman Army Med. Ctr. 


PLACEMENT SERVICE: For a practice 


Jan McDonnell, M.D. opportunity write or call 1-800-356-7537. 


Ass’t. Professor of Ophth. 
Univ. of Southern California 


John Stanley, M.D. 
Veteran’s Admin. Hospital 
San Francisco, California 


Walter Stern, M.D. 
Clin. Prof. of ee peony 
Univ. of Calif., San Fransisco 


Thomas Stevens, M.D. 
Professor of Ophthalmology 
University of Wisconsin 
Rosa Tang, M.D. 

Clin. Assoc. Prof. of Ophth. 
The UTx Med. Sch., Houston 


"the most education for the money."* 


FEES AND COURSE HOURS: 

è Physician or Resident: Phy. Res. Hrs. 

e Six day course: $720 $480 60 

è Extra mock orals day: $150 $150 8 

è Repeating within 2 yrs.: $360 $360 60 

è Add 10% within 10 days of the course. 

è Attendees not in course hotel add $20/day. 

è Fees do not include lodging or meals. 

e A deposit of $50 will reserve your position. 

è Most home study materials will be mailed 
after half of the registration fee is received. 


"home study material was extremely helpful"* 


Name REFUNDS: Subject to a $50 fee, refunds 
will be made up until the seminar begins. 
Address e Cancellation after mailing home study 
City/State/Zip material requires retention of half the fee. 
Phone For: [J Nov. 8-13, 1990 — San Francisco es See in Heo tats 
; oseph H. Selliken, Jr., M.D. 
C April 12-17, 1991 — Chicago 7 The Osler Institute 


1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by past Osler participants 
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hird-party 
reimbursement 
and office 

productivity... 


What you 
don’t know 
can hurt you. 


To run an efficient practice, 
you need a staff that can take 
good care of patients and 
business. The AMA offers help 
with a series of workshops for 
you and your staff. 


Insurance Processing and 
Coding explores Medicare and 
other third-party payers and 
ways to get full, prompt pay- 
ment. Introduces ICD-9 and 
CPT-4 coding systems. 


ICD-9 Coding for Doctors’ 
Offices unlocks the complex- 
ities of ICD-9 coding and 
opens the door to faster 
Medicare claims processing 
and payment. 


Advanced CPT- 4 Coding 
explores the challenges of 
CPT-4 coding and the most 
common coding errors. 


The Business Side of Medicine 
provides systems and pro- 
cedures for improving the 
management and operation of 
a medical practice. 


Medical Collections 
Management covers 
collections policies 
and procedures — 
what works and what 
doesn't. 





Call 


1-800-366-6968 


for the workshop location 
nearest you. 





” PX “Hawauan-Eyé 


12th Annual 


ROYAL HAWAIIAN EYE MEETING 


January 19 - 26, 1991 


At the fabulous Hyatt Waikoloa on the Big Island of Hawaii, in the shadow of live 
volcanoes. Register now for the largest public eye meeting in the country! This year's 
exciting program includes: 


© Cataract/Implant Update.......................2eee. Charles Fritch, M.D., Moderator 
Experts present the latest in ECCE and phaco, small incision lenses, and multifocals, along with 
techniques, complications and trends. 


@Refractive Surgery News................... Richard L. Lindstrom, M.D., Moderator 
Leaders update you on refractive keratoplasty, including latest Excimer study results. 
Don't miss it! 


®Clinic Neuro-Ophthalmology..................:eeeeeeeeees John A. McCrary, III, M.D. 
This “Annual Ophthalmic Classic” is a four-hour, in-depth review of office neuro problems by one 
of the nation’s most respected clinicians. 


©Personal Lifestyle Management................. Stephen N. Hull, M.D., Moderator 
How you and your colleagues handle health, marriage, parenthood, fitness, substance abuse, 
leisure, careeraholism, time, value, stress, crises, etc. 


© Medical Risk Management/Malpractice....Dennis D. Shepard, M.D., Moderator 


Experts deal with risk prevention, liability, informed consent, litigation, arbitration and its 
implications. 


®Glaucoma Management Today....................cseceeseeeeees Allan E. Kolker, M.D. 
Today’s most effective and efficient glaucoma management, including latest trends in diagnosis 
and treatment. 


@® What’s New in Ophthalmology.....................cceeeeeeees John D. Hunkeler, M.D. 
Review of the year’s news in lasers, lenses, meds, equipment and techniques, plus preview of 
coming events. 


© Survival Kit for the 90’s.......................008. Herve M. Byron, M.D., Moderator 
Learn the vital components of a new survival strategy. 


© Making Intelligent Bottom Line Financial Decisions................... Bruce Maller 
Essential financial information you need to effectively manage your practice. 


© Marketing Your Services To Patients and Public............. Bill Sardi, Moderator 
Effective internal marketing strategies to please patients, improve staff morale and enhance your 
job satisfaction. 





© Allied Health Personnel Meeting 
Donald J. Ham, M.D. & Theresa Ham, R.N., Chairpersons 
Seven days of practical information experts; discussions, panels and workshops. 


© Administrative Personnel Meeting 
Bill Borover, Chairperson 
Top managers and administrators from leading practices focus on the needs 
of front office, business and administrative personnel. 





Also featuring many exciting special interest workshops, FREE to all RHEM regis- 
trants. And don’t miss our popular poolside Banyan Tree sessions with the faculty! 


28 hours CME credit for physicians attending RHEM and workshops, along with ANA 
contact hours and JCAHPO credit hours. 


Register Now! Don’t miss this opportunity to visit a live (but very safe) volcano! 


To receive your RHEM’91 
Registration Kit, c/o Mary Charles & Associates 


FOUNDATION contact: 


John M. Corboy, M.D. 
Meeting Director 


2334 S. King Street, Suite 205 
Honolulu, Hawaii 96826 
808/942-9655 
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Classified Advertising 


All classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or 
related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Box 











CLASSIFIED 
INFORMATION 


Regular Classified 1Time 3Times 

or more” 
Cost per word $ .95 $ .85 
Minimum 20 words. per issue 


"In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York” and “Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 
used for replies, the words “Box , C/O 
AOP” are to be counted as three words. 


Classified Display 1Time 3Times 
Full page $630 $580 
Two-thirds page 539 496 
One-half page 476 438 
One-third page 378 348 
One-sixth page 252 232 
Column inch 55 50 


Minimum display ad: one column inch 
12-time rate available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


Box Service 


Available for all ads. The cost is $10.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


archives of 


Ophthalmology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 O 813-443-7666 


Professional Opportunities 


OPHTHALMOLOGIST — MINNESOTA: Well 
rounded ophthalmologist needed in center of 
northern Minnesota lake country. High pathology, 
very active surgical practice. Well staffed. Located in 
smaller community with four year university. Box 
#617, c/o AOP. 


EXCELLENT OPPORTUNITY to join two busy oph- 
thalmologists in upper Great Lakes area. Modern, 
attractive ophthalmologist-owned clinie building with 
state-of-the-art equipment and optical dispensary 
with registered optician. Winning combination of 
long established, reputable clinic with superbly 
trained staff; good surgical, medica! volume and 
profit. JCAHO approved hospital with modern out- 
patient department and staff of 37, most of whom 
are specialists. Beautiful area in which to live, with 
good recreational and educational opportunities. 
Negotiated salary and benefits. Full partnership 
option if mutually agreeable. Please reply to: Box 
#624, c/o AOP. 


PEDIATRIC OPHTHALMOLOGIST 


Second, full-time, academic pediatric ophthal- 
mologist needed for expanding department at 
children’s hospital. BE/BC, fellowship trained. 
Clinical, research and teaching responsibilities. 


Position available immediately or will discuss 
starting date. Contact: David J. Schanzlin, MD, 
Chairman, Department of Ophthalmology, St. 
Louis University School of Medicine, Bethesda 
Eye Institute, 3655 Vista, St. Lowis, MO 63110. 





VITREO-RETINAL SURGEON needed to join busy 
midwest medical and surgical retina-only practice. 
Fully equipped, multi-office practice. Fellowship 
required. Excellent salary with buy-in leading to 
partnership. Ideal area for family living with year 
round recreation and excellent schoo! systems. 
Box #623, c/o AOP. 


RETINA — FLORIDA: Private practice retina group 
seeks additional associate with medical/surgical 
RV experience. Outstanding opportunity with 
modern facilities. Lovely sunbelt city near beaches. 
Resume to: Box #626, c/o AOP. 


VITREO-RETINAL SPECIALIST: Busy solo vitreo- 
retinal medical/surgical practice in Alaska’s largest 
city seeks a fellowship-trained associate. Excel- 
lently equipped hospital. Shared laser, ultrasound, 
fluorescein if desired. Adjoining, partially equipped 
office space available. Send CV ta: Thomas J. 
Harrison, MD, 3500 LaTouche, Suite 250, Anchor- 
age, AK 99508. 


ATTENTION PHYSICIAN RECRUITERS. The 
“Classified Advertising” sections now in all nine 
AMA Specialty Journals target the physician you 
want. These highly visible sections put your 
message in the hands of every specialist that quali- 
fies for your professional opportunity, every month. 
To place the ad of your choice, any size, call toll 
free: (800) 237-9851. 


NEW YORK MID-HUDSON VALLEY: Solo oph- 
thalmologist seeking personable, ethical, board- 
certified or board- eligible general ophthalmologist. 
Newly designed free-standing office uniquely suited 
for an additional ophthalmologist. Send CV with 
references to: Ronald B. Hanovice, MD, 84 Hurley 
Avenue, Kingston, NY 12401. 


GENERAL OPHTHALMOLOGIST — Prestigious, 
well-established ophthalmology practice in Chicago 
and northern suburbs looking for assoeiate to begin 
immediately. Fellowship training in plastics, medi- 
cal retina or cornea are desirable but not mandatory. 
Potential to possible partnership. Salary negotiable. 
Box #629, c/o AOP. 








Inquiries about “BOX NUMBER” advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
, C/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Ophthalmology. 


Professional Opportunities ee, 


DIRECTOR OF NEUROSENSORY Laboratory — 
The Department of Ophthalmology at the University 
of Maryland at Baltimore is seeking a staff member 
with training in clinical electrophysiology. Strong 
research background and teaching experience is 
highly desirable. Please send CV to: Howard F. 
Perell, MD, Chairman, Search Committee, Depart- 
ment of Ophthalmology, University of Maryland 
Medical Center, 22 South Greene Street, Baltimore, 
MD 21201. The University of Maryland at Baltimore 
is an affirmative action/equal opportunity employer. 


CORNEA: Cornea group seeks additional associate 
for high volume surgical practice, limited to cornea 
and external disease; fellowship required. Con- 
tact: Theodore Perl, MD, Corneal Associates of New 
Jersey, (201) 736-1313. 


WISCONSIN: A widely respected, rapidly growing 
general specialty ophthalmology clinic is seeking a 
retinal specialist interested in a medical/surgical 
practice. Backed by a fully equipped retinal depart- 
ment with full-time RN and photographer, we offer a 
large, state-of-the-art modern practice with multiple 
offices and a large new hospital. Practice is located 
in an “All American City”’ with fine school systems 
and multiple recreational opportunities. Please send 
CV to: Sharon Blaschka, Eye Clinic of Wausau, S.C., 
614 First Street, P.O. Box 689, Wausau, WI 
54402-0689. 


RETINA: Retina-vitreous group in large midwestern 
city seeks fellowship-trained associate leading to 
partnership. Busy, congenial practice with excellent 
financial opportunity. Reply with resume to: Box 
#632, c/o AOP. 


OPHTHALMOLOGIST 
RETINA VITREOUS 


The United States Army has a unique military 
experience available for a board-certified MD 
at Fitzsimons Army Medical Center in Denver, 
Colorado. The position is now available. 
Responsibilities include patient care, resident 
teaching and research. Fitzsimons Army Med- 


ical Center is affiliated with University of Colo- 

rado Health Sciences Center. Military rank 

and salary commensurate with experience. 
Send CV to: 


LTC George H. Touchard 
Building 327 


Fitzsimons Army Medical Center 
Aurora, CO 80045-5001 





MICHIGAN — OPHTHALMOLOGIST with plastics 
training needed for unique opportunity. Excellent 
starting salary with full partnership potential. Please 
respond to: Box #633, c/o AOP. 


ESTABLISHED PRACTICE in Kentucky, expanding 
to three ophthalmologists, seeks well-trained, ethi- 
cal associate. This private practice has superb prac- 
tice environment with new facility, well-trained staff 
and excellent equipment. Ideal family setting in 
small university town with beaucoup de recreation. 
If interested, please send CV and personal cover 
letter to: Box #625, c/o AOP. 


GENERAL OPHTHALMOLOGIST to join a six phy- 
sician eye clinic in beautiful Portland, Oregon. Full- 
time position with excellent salary and fringe bene- 
fits. Send CV and cover letter to: L.K. Jones, OMEC, 
1955 N.W. Northrup, Portland, OR 97209. 


PLEASE NOTE— Address replies to box number 
ads as follows: Box number, , C/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 








- 


OCULOPLASTIC/ 
GENERAL 
OPHTHALMOLOGIST 


Ophthalmologist with fellowship training in Orbital 
and Oculoplastic Surgery to work at least 50% in 
subspecialty area. Gundersen Clinic is a 250-physi- 
cian, multi-specialty group with adjacent 402-bed 
teaching and tertiary level facility. Current depart- 
ment has seven Ophthalmologists, twelve certi- 
fied technicians, YAG laser, Argon-Krypton laser, 
A&B scan, auto perimeter, etc. Applicant will do 
general ophthalmology including cataract surgery 
as well. 


Gundersen Clinic is located on the Mississippi River 


in La Crosse, WI, a metropolitan area of 100,000 
people. Beautiful setting with many cultural and 
recreational opportunities available. Excellent school 
system. University of Wisconsin-La Crosse, a pri- 
vate, 4-year college and a technical college also 
located in the community. Excellent working con- 
ditions, competitive salary and excellent pension 
program. No investment required. 


Send C.V. to: Phillip J. Dahlberg, M.D., Chairman, 
Personnel Committee, or CALL COLLECT to Tim 
Skinner, M.S.Ed., Manager, Physician Recruitment, 
at 1-608-782-7300, ext. 6673. 


Gundersen Clinic, Ltd. 

1836 South Avenue 

Dept. S-10 

La Crosse, Wisconsin 54601 





An Equal Opportunity Employer 


Professional Opportunities 


MAINE — Exceptional opportunity for BC/BE oph- 


thalmologist to join established ophthalmology 
practice in beautiful northern New England. Referral 
base 400,000 with 120,000 in immediate area. Wide 
ranging cultural, academic and recreational oppor- 
tunities. Modern, well equipped office adjoining 
growing medical center with extensive diagnostic 
and laboratory services. Association with opportu- 
nity for partnership. Send CV to: Jean H. Tibbetts, 
MD, Suite 230, 417 State Street, Bangor, ME 04401. 


LEWISBURG, TENNESSEE 


Looking for an excellent opportunity? 
Ophthalmologist is needed for a rapid growth 
area in 119-bed rural hospital located between 
Nashville, Tennessee and Huntsville, Alabama. 
A solo practice can be established with a sub- 
stantial monthly salary guarantee, all insur- 


ances, office staff, and office space paid for 
the first year, plus a quiet lifestyle in a beautiful 
country setting. Contact: Doug Dailey 
Lewisburg Community Hospital 
P.O. Box 1609, Lewisburg, TN 37091 
(615) 359-6276 





PEDIATRIC OPHTHALMOLOGIST, general oph- 
thalmologist — Minneapolis/St. Paul: Two BC/BE 
physicians to join staff of nine ophthalmologists in 
one of the oldest pre-paid, multi-specialty group 
practices in the midwest. Superb compensation 
package with an extremely stimulating practice 
environment. Please send curriculum vitae to: Phy- 
sician Services, Group Health, Inc., 2829 University 
Avenue Southeast, Minneapolis, MN 55414. 


PLEASE NOTE—Address replies to box number 
ads as follows: Box number, , C/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 





Ophthalmologist 


Kaiser Permanente, Northwest Region, is seeking a board 


certified or eligible Ophthalmologist for a one-year locum tenens 


position with our multispecialty group in Portland, Oregon 


beginning July 1991. We currently have eight Ophthalmologists 


on staff; two specializing in cornea and retina. 


Experience the quality of life in the beautiful Pacific Northwest, 


close to mountains and beaches. We offer a competitive salary and 


paid malpractice. Forward inquiry and C.V. to: Fred M. Nomura, 


M.D., Regional Medical Director, Northwest Permanente, PC., 3600 


N. Interstate Ave., Portland, Oregon 97227. E.O.E. 


Northwest Permanente PC. 
Physicians and Surgeons 





Pediatric 
Ophthalmologist 


Thriving, established Ohio 
practice consisting of 

five ophthalmologists 

and otolaryngologist is 
expanding its 
subspecialty care. 


All in house equipment, 
including Yag and 
Argon/Krypton lasers. 
Strong referral base guar- 
antees good income. 
Excellent benefits and 
easy practice buy-in to 
full partnership. 


Applicants should be 
board-certified or -eligible 
with good surgical skills 
and patient rapport. 


Reply to: 
BOX #603, c/o AOP 


ITVTTT TOOT UUTTUTTTTUNTT OOH UOT DOO UUOUIOOONDOUUNONI LUI CULO LICOTTCOICOHT COACH CUA UCUILCELICCCCLOT I OOOO IOUO OILILL OOO ODO LULL LLUL LLC LLL LULL LLL LLLG LoL LLoo LOL. 


Pediatric 
Ophthalmologist 






Marshfield Clinicis seeking a fellowship- 
trained Pediatric Ophthalmologist to 
join its 9 member Ophthalmology De- 
partment. Existing staff includes spe- 
cialists in retina, cornea, glaucoma, 
Hird Ai Se and general oph- 


thalmology. The Clinic is one of the 
nation’s largest multispecialty clinics 
with over 300 physicians serving Central 
and Northern Wisconsin. Outstanding 
Department of Pediatric subspecialists 
to support your practice as well. If inter- 
ested please contact: 


James Holzberger, M.D. 
Department of Ophthalmology 
By calling collect at 715-387-5236 





Marshfield Clinic 
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Ophthalmologist 


Ophthalmologist to join 
existing department in 
expanding multi-specialty 
clinic located in northern 
suburb of Minneapolis. 
Department currently 
consists of one 
ophthalmologist, two 
optometrists, certified 
ophthalmic and optometric 
technicians. 


Full service general 
ophthalmology practice 
with limited emergency 
call schedule. Highly 
competitive first year 
salary guarantee; 
production directed 
compensation; excellent 
benefits package. 


Respond with CV to: 


W. EDWIN GOULD, MD 
13986 MAPLE KNOLL WAY 
MAPLE GROVE, MN 55369 


(612) 420-5700 


VITREORETINAL 
SPECIALIST 


PEDIATRIC 
OPHTHALMOLOGIST 


NEURO- 
OPHTHALMOLOGIST 


Several full-time faculty positions as 
assistant or associate professor are 
available in the Department of Oph- 
thalmology and Visual Sciences, 
Washington University School of 
Medicine. Strong commitment to 
teaching arid resident training; back- 
ground in laboratory and/or clinical 
research are desired. Completion of 
approved ophthalmology residency 
training program, postgraduate train- 
ing (fellowship), board-certification or 
-eligibility, and eligibility for licensure 
in Missouri are required. 


An affirmative action/equal opportu- 
nity employer. Send qualification and 
CV to: 
Henry J. Kaplan, MD 
Professor and Chairman 
Department of Ophthalmology 
and Visual Sciences 


Washington University School of Medicine 


660 South Euclid Avenue, Box 8096 
St. Louis, MO 63110 





Professional Opportunities 


KAISER PERMANENTE — Northern California 
seeks a fellowship trained vitreo-retinal surgeon for 
our Sacramento facility. Present staff includes 
thirteen ophthalmologists and sixteen optometrists 
serving over 400,000 patients. Excellent ophthalmic 
technician staff perform and develop fluorescein 
angiograms. Competitive salary and outstanding 
benefits. Send CV to: James E. Hine, MD, Chief, 
Department of Ophthalmology, The Permenente 
Medical Group, Inc., 2025 Morse Avenue, Sacra- 
mento, CA 95825. 


Positions Wanted 


OPHTHALMOLOGIST — Board-certified with 15 
years experience desires position in metropolitan 
Detroit area. Box #630, c/o AOP. 


Fellowships 


FELLOWSHIP — OCULAR TRAUMA. The Helen 
Keller Eye Research Foundation and the Combined 
Program in Ophthalmology are accepting applica- 
tions for a one-year fellowship in ocular trauma at 
the Eye Foundation Hospital/University of Alabama 
at Birmingham. Extensive experience in emer- 
gency room evaluation and treatment, anterior and 
posterior segment reconstructive surgery, ultra- 
sound and electrophysiology, trauma epidemiol- 
ogy and oculoplastic/orbital trauma surgery. One 
year formal vitreoretinal fellowship required as a 
prerequisite. Please send complete CV to: Helen 
Keller Eye Research Foundation, 700 18th Street 
South, Suite 605, Birmingham, AL 35233. 


OPHTHALMIC PLASTIC SURGERY FELLOWSHIP: 
Broad clinical experience provided. Over 1,500 
cases per year, Kresge Eye Institute affiliated. Con- 
tact: Dr. Gladstone or Dr. Nesi, 29201 Telegraph 
Road, Suite 305, Southfield, MI 48034. Fellowship 

begins July 1992. | 


CHAIRPERSON 
DEPARTMENT OF OPHTHALMOLOGY 
UNIVERSITY OF TEXAS 
MEDICAL BRANCH AT GALVESTON 


Applications and nominations are invited for the position of Chairperson of the Department of 
Ophthalmology. We are seeking an accomplished clinician who can provide strong research leadership and 
who has demonstrated skills as an educator and administrator. Salary is competitive with excellent fringe 
benefits. The department currently has 7.0 FTE faculty positions and 12 filled residency positions. Physical 
plant includes 13,365 net square feet with 5 assigned hospital beds specifically designated for ophthalmol- 
ogy patients, a clinical research center, and laboratory facilities. Ophthalmology patients may occupy other 


surgery beds as needed. 


The UTMB rests on 64 acres of the east end of Galveston Island. The university holds 71 major 
buildings that house four schools, two institutes and a sophisticated health care complex which includes 
seven teaching hospitals. UTMB is an equal opportunity M/F, H/V affirmative action employer. UTMB 
hires only individuals to work in the United States. 


Send CV to: 
Byron Bailey, MD, Co-Chair 


Ophthalmology Search Committee O Department of Otolaryngology 
UNIVERSITY OF TEXAS MEDICAL BRANCH 


Galveston, Texas 77550 








= Faculty Positions 


THE WILMER EYE INSTITUTE 


The Johns Hopkins University School of Medicine 
is now accepting applications for a position in 
uveitis. Persons with an interest in teaching, 
research, and/or clinical care in uveitis/clinical 
immunology are invited to apply. Academic rank 
and compensation are dependent upon prior expe- 
rience. A detailed curriculum vitae, including a list 
of publications and three (3) letters of recommen- 
dations should be addressed to: 
Douglas A. Jabs, MD 
Associate Professor of Ophthalmology 
and Medicine 


THE WILMER EYE INSTITUTE 
550 North Broadway, Suite 700 
Baltimore, MD 21205 


The Johns Hopkins University is an 
equal opportunity/affirmative action employer. 


= Faculty Positions 


KRESGE EYE INSTITUTE — A faculty position for 
pediatric ophthalmologist is available in the Depart- 

“ment of Ophthalmology/Kresge Eye Institute, Wayne 
State University, School of Medicine. Responsibili- 
ties for this position include teaching and resident 
training, patient care and research. Academic rank 
and salary are negotiable, based on skills and expe- 
rience. Please send curriculum vitae and publication 
list to: Robert S. Jampel, MD, Professor and Chair- 
man, Department of Ophthalmology, Kresge Eye 
Institute, 4717 St. Antoine, Detroit, MI 48201. 


NEURO-OPHTHALMOLOGY 


Michigan State University is conducting a 
search for a second neuro-ophthalmologist 
(Assistant Professor, full-time/full-year, tem- 
porary). Research experience, a strong interest 
in teaching and documented expertise in patient 
care is essential. The candidate must be BE/BC 
in ophthalmology or neurology with formal 
neuro-ophthalmology fellowship training. 
Salary will be commensurate with experience. 
Send CV or contact: 


David I. Kaufman, D.O. 
B309 W. Fee Hall 
Michigan State University 
East Lansing, MI 48824 
(517) 353-3211 





PEDIATRIC 
OPHTHALMOLOGY 


FACULTY 
POSITION 


The Department of Ophthalmology and 
Visual Sciences at Texas Tech University 
Health Sciences Center in Lubbock, Texas 
is seeking a fellowship trained pediatric 
ophthalmologist to join its rapidly expand- 
ing ophthalmology program. 


Academic teaching and research activities 
are vital components of this position. The 
successful candidate must be board-certified 
or board-eligible in ophthalmology. Salary 
and benefits are commensurate with train- 
ing and experience. Interviews for qualified 
candidates may be scheduled in Atlanta dur- 
ing the Academy Meeting week. 





FACULTY POSITIONS AVAILABLE 


The Department of Ophthalmology at the Univer- 
sity of Kentucky invites applications for faculty 
positions in General Ophthalmology and Vitreo- 
Retina. Academic rank, title and salary based 
upon qualifications. Send CV and inquiries to: 
Robert S. Baker, MD 
Chairman 
Department of Ophthalmology 
UNIVERSITY OF KENTUCKY 
MEDICAL CENTER 
800 Rose Street 
Lexington, KY 40536-0084 
An equal opportunity/affirmative action employer. 


Interested individuals should forward 
curriculum vitae and four references to: 





MSU is an affirmative action/equal opportunity institution. 
DONALD R. MAY, MD 
Professor and Chairman 
Department of Ophthalmology 
& Visual Sciences 


TEXAS TECH UNIVERSITY 
HEALTH SCIENCES CENTER 
Lubbock, TX 79430 


For more information, please call: 
(806) 743-2412 O FAX: (806) 743-1872 


Miscellaneous 





INTERNATIONAL GLAUCOMA 
SYMPOSIUM 
Jerusalem, Israel, 18-21 March, 1991 
Contact: Ofakim Ltd. — |.G.S. Organizers 
5 Idelson Street, Tel Aviv, Israel 63324 
Telephone: 972-3-650514/7 
FAX: 972-3-650513 TELEX: 371254 


Medical Equipment/ Supplies 


DOCTORS: Don't throw your equipment away. We 
pay top dollar for your equipment. We buy, sell, 
service optical equipment. Write or call your list of 
inventory to: Belrose Refracting Equipment Com- 
pany, 3734 Oakton Street, Skokie, IL 60076-3444. 
(708) 675-2300. Established 1953. 





Associate Chief 
of Ophthalmology 


Brigham and Women’s Hospital 
A Harvard-affiliated 
Teaching Hospital in Boston 


STAFF e 
ANTERIOR SEGMENT SPECIALIST 


We are seeking a staff Ophthalmologist and an Anterior Segment Specialist for a pri- 
mary/tertiary care department in a progressive hospital-based multispecialty practice. 
The department handles a wealth of pathology in a fully equipped setting. 
Candidates must possess advanced clinical skills, proven surgical expertise, and a 
demonstrated ability to apply these skills to the education of fulltime senior ophthal- 
mology residents. 


The appointments offer a high quality clinical environment combined with teaching 
duties and research opportunities. The department provides cataract, IOL, glaucoma, 
pediatric and vitreoretinal services along with advanced general ophthalmological 
care plus full optometric and optical support. Coincident with an expanding regional 
role of the Hospital and upon completion of a new outpatient facility on the main 
campus, the Department of Ophthalmology is expanding its current complement of 
four ophthalmologists. 


A position in this medium-sized teaching facility, located in a beautiful, rural lakeside 
setting with culturally stimulating environment, offers Columbia University and 
Albany Medical College appointments as well as a competitive salary with liberal 
fringe Latics Interested BC/BE candidates should forward CV and cover letter to: 


John E. Fraser 

Medical Staff Recruiter 
The Mary Imogene 
Bassett Hospital 
Cooperstown, NY 13326 


THE 
MARY IMOGENE 
BASSETT HOSPITAL 


We seek an assistant professor to assume 
the responsibilities and authority of the 
Associate Chief of Ophthalmology at the 
Brigham and Women's Hospital and to 
direct the expansion of our clinical and 
residency teaching programs. Post- 
residency fellowship training is required, 
preferably in glaucoma, and candidates 
must be board-certified or -eligible. 


Applicants must be able to document their 
accomplishments in the development of a 
robust clinical service. Excellent opportu- 
nities for clinical research are available. 
Harvard University and the Brigham and 
Women’s Hospital are committed to 
increased representation of women and 
members of minority groups on the faculty 
and particularly encourage applications 
from such candidates. 


Please send curriculum vitae and the 
names of three referees to: 


Leo T. Chylack, Jr., MD, 
Professor and Chief 
of Ophthalmology 


Brigham and Women’s Hospital 
75 Francis Street 
Boston, Massachusetts 02115 
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Faculty Positions 


ASSISTANT/ASSOCIATE PROFESSOR of Ophthal- 
mology — The University of Nebraska College of 
Medicine, Department of Ophthalmology is seeking 
a full-time academic ophthalmologist, with or with- 
out a sub-specialty interest. A strong commitment 
to resident, medical student teaching and research 
is essential. Requirements include completion of a 
satisfactory residency and American Board of Oph- 
thalmology eligibility or certification. Must have 
documented prior teaching and research experience. 
Salary and rank commensurate with education and 
experience. Health Professions (tenvre-leading) 
appointment contract with potential for renewal. 
Position available immediately. Send curriculum 
vitae to: Michael Yablonski, MD, PhD, Professor and 
Chairman, Department of Ophthalmology, Univer- 
sity of Nebraska Medical Center, 600 South 42nd 
Street, Omaha, NE 68198-5540. (402) 559-4276. An 
equal opportunity/affirmative action employer. 





Directors Wanted 


RESIDENCY 
PROGRAM DIRECTOR 


Unique opportunity for dynamic, well-trained 
board-certified ophthalmologist to direct a resi- 
dency program in atertiary hospital setting. Duties 
include: teaching and supervision of residents in 
an out-patient setting and in surgery, selection of 
residents for the program, and administrative 
duties to assure compliance with RRC require- 
ments. Competitive compensation package for 
this full-time position. Reply in confidence to: 


Norman R. Sobel, VP, Medical Services 
ST. FRANCIS 
MEDICAL CENTER 
45th Street (off Penn Avenue) 
Pittsburgh, PA 15201 
(412) 622-4397 
EOE 


Practices Available 


PRACTICE FOR SALE: Oregon — Well established, 


solo, general ophthalmology practice for sale. Small 
rural college town location. Two fully equipped 
exam lanes, argon laser, humphrey field analyzer, 
fundus camera, Goldman perimeter, state-of-the-art 
equipment. Will stay to introduce. Reply: Box #618, 
c/o AOP. 


CORNEA PRACTICE — FOR SALE 
Part of a seven-person ophthalmology group. 
Established clientele for cornea, refractive 
and cataract surgery. Excellent clinical facil- 


ity centered in beautiful, green southwestern 
city. Great opportunity for professional 
success in a quality environment. Available 
summer 1991. Box #631, c/o AOP 





We Target 
The Physician You Want! 


The Archives of Ophthalmology’s classified recruitment section will deliver 
your message to exactly your target audience — all ophthalmologists. A total 
targeted physician audience of over 20,000. 


Send us your advertising order today. Just complete the coupon below and 
attach your typewritten copy. The next available issue is November which 
closes September 25th. 


The classified rate is $ .95 per word for one issue. For three issues or more, the rate is 
$ .85 per word per issue. Minimum classified ad is 20 words. 


PLEASE COMPLETE THE FOLLOWING: 
Insert my ad times, beginning with the ——————————— issue. 
Place my ad under the heading 


Enclosed is my check for $ to cover full payment 


of my advertising schedule. 


Institution 





Contact Person 





Address 





| | ee PR 





Telephone Number 





Authorized Signature 


COPY FOR CLASSIFIED ADVERTISEMENT: 











PRACTICE SALES are confidential and guaran- 
teed. NMA is the specialist to call for professional 
help in buying or selling. National Medical Alliance, 
inc., 8136 Old Keene Mill Road, Suite 208B, Spring- 
field, VA 22150. (703) 866-5908 or (800) 331-1986. 


OPHTHALMOLOGIST OFFICE and/or practice 
available: Los Angeles. Well-established practice, 
choice location, two blocks Hollywood Presby- 
terian/Childrens Hospitals. Fully equipped, profes- 
sionally decorated suite, ground floor of land- 
scaped, full-service building; ample free parking for 
patients, staff. Excellent terms. Hurley Associates, 
(213) 454-0234. 


SELLING YOUR PRACTICE? The AMA journal in 
your specialty is your best place to advertise. Now 
available are very affordable ads that are perfect for 
finding a buyer. Also, Box service is available for 
your convenience and confidentiality. Call our “Clas- 
sified Advertising” office toll free: (800) 237-9851. 


PLEASE NOTE— Address replies to box number 
ads as follows: Box number, , C/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 








1500 








Send all copy and pay ments to: 


Ophthalmology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


(800) 237-9851 O (813) 443-7666 
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When it comes to corneal 
health for severe dry eye 
patients, Celluvisc® 
doesn't compromise. 





Celluvise® Lubricant Ophthalmic Solution is 
an advanced lubricant ophthalmic solution that helps 
maintain corneal health and provides sustained 
comfort without compromising cell morphology. cell 
viability or epithelial barrier func tion (ín vitro data, 
clinical significance unknown). 

Celluvise Solution was shown to maintain cell 
viability m vitro for up to five hours.’ A nutritional 
formulation cor itaining a lac ‘tated Ringer's solution 
vehicle supplements the tears’ mbea, electrolyte 
balance. 

In addition, this formulation contains the 
active ingredient carboxymethylcellulose (CMC) 1%, 
which. iko naturally occurring mucin in the tear film, 
is negatively c charged. This negative charge and 

, ~ Celluvisc "E eA high plac ‘ular weight may 
TEARS NATURALE” i saan promote adherence to epithe ‘lial tissue and prolong 
X1.50K/30 MIN. ` Ta: residence time. 

pee Nini ; And, Celluvise Solution is preservé ative-free, 
thus eliminating the iatrogenic effects preservatives 
can cause severe dry eye patients. In fact, aqueous 
deficient patients may ‘be predisposed to surface 
toxicity. Due to a lack of tears. preservatives may 
not be well-diluted and may remain on the cor neal 
epithelium longer than in the normal eye. 

So for your severe dry eye patients, recommend 
Celluvise Lubricant Ophthalmic Solution. Safe. 
comfortable, effective relief for severe dry eye 
associated with ocular surface disease. 

Without compromise. 


CELLUVISC® 


(carboxy methylcellulose sodium) 1% 










poa Ophthalmic Solution 


l. Adams JL, Wilcox MJ, Trousdale MD et al. Morphological and 
physiological effects of artificial tear formulations on corneal 
epithelial derived cells. Invest Ophthalmol Visual Sci 1989;30 
(Suppl 3):523. 


Tears Naturale® and HypoTears® 


are registered 
trademarks of other companies. 
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i Corneal Epithelial and Stromal Reactions to Excimer Laser Photorefractive Keratectomy 
P A Concerns DOMY the eaponee of the Corneal Epithelium to Excimer Laser 
- Ablation I. K. Gipson 


Il. Unpredictable Cornii Cicatrization © - .C.Cintron 


Ill. The Excimer Laser and Radial Keratotomy: Two Vastly Different eee for . 
Myopia Correction P. S. Binder 


-The Influence of Prior pic acten on the Success of abauen =. _ M.J. Lavin, 
iak . K RP L. Wormald, C. S. Migdal, R. A. Hitchings 


x Early intraocular Pressure Rise After or Trabeculectomy Aon J. M. Liebmann, R. Ritch, 
EM : # = - M. DiSclafani, L. Stock 
Serous Retinal Detachment Foligwing Glaucoma Filtering Surgery _ M. Lavin, W. Franks, 
= E 4 R. A. Hitchings 

À S t The Macular Photostress Testi in Diabetic s Retinopathy and Age-Related Macular — 
To es - Degeneration — G. Wu, J. J. Weiter, S. Santos, L. Ginsburg, R. Villalobos 


Sag a | Surgical Techniques and Reattachment Rates i in Retinal Detachment due to Macular Hole 
spite: p e S Kuriyama, M. Matsumura, T. Harada, H. Ishigooka, N. Ogino 





$ Optic Nerve Hypoplasia r e ba ae - M.C. Brodsky, C. M. Glasier, S. C. Pollock, E. J. C. Angtuago 
. Graves’ Ophthalmopathy TERT Kupa} a S. E. Feldon, L. Levin, S. K. Liu 
Antibodies i7 med te Virus in Iridocorneal Endothelial Syndrome `C. S. Tsai, R. Ritch, 


`- S.E Straus, H. D. Perry, F. Y. Hsieh 
Ticlopidine Treatment Reduces the Progression of Paapenatve Diabetic Retinopathy 


` $. GA a i The TIMAD Study Group 
Vitreous Amyloidosis Associated with Homozygosity for the Transthyretin Methionine-30 

Gene O. Sandgren, G. Holmgren, E. Lundgren 

Solitary Orbital Involvement with iventie Xanthogranuloma "$ ©. L. Shields, J. A. Shields, 

2 H. W. Buchanon 

Metastatic Ciliary Body Carcinoid Tumor èD. s. Bardenstein, D. H. Char, C. Jones, J. B. Crawford, 

+ T. R. Miller, F. T. Riekhof 


Healing of Excimer Laser Ablated Monkey Corneas: An Immunohistochemical Evaluation 
` l N. SundarRaj, M. J Geiss Ill,'F. Fantes, K. Hanna, 
S. C. Anderson, K. P. Thompson, R. A. Thoft, G. O. Waring IlI 


Absöřğption of 308-nm Excimer Laser Radiation by Balanced Salt Solution, Sodium 


Pro, and Human Cadaver Eyes R. H. Keates, R. T. Bloom, R. T. Schneider, Q. Ren, 

l J. Sohl, J. J. Viscardi 
Hydrogen Peroxide Localization in Experimental Di Neuritis _ J. Guy, E. A. Ellis, N. A. Rao 
Scleral Buckling and Ocular Rigidity | ae as. R. Friberg, S. B. Fourman 
Whitnall's Sling for Poor Function Ptosis | ‘ if PRL. Anderson, D R. Jordan, J. J. Dutton 
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ETOPTIC’ S (betaxolol 
CI) 0.25% Sterile Oph- 
almic Suspension 
atented technology. 
odium ions in the tear 
Im displace betaxolol 
olecules from the deliv- 
ry matrix, slowly freeing 
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rough the corneal tis- 

e, improving comfort. 
ETOPTIC S remains in 

e eye longer, allowing 
quivalent bioavailability 
etween the 0.25% sus- 
ension and 0.5% solution. 
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Introducing patented new 
technology for greater comfort 
and increased bioavailability 
of betaxolol’ 


Your patients can feel the BETOPTIC S 
difference from the start. In clinical 
studies, BETOPTIC S was significantly 
more comfortable than BETOPTIC* 
0.5% Sterile Ophthalmic Solution. 


Clinical trials also demonstrate the 
equivalent efficacy of BETOPTIC S 
and BETOPTIC solution. BETOPTIC S 
maintains IOP reduction long-term 
from twice-daily dosing. 


BETOPTIC S offers the beta-1* safety 
advantages of a selective ocular 
beta blocker. That means the safe 
pulmonary profile of BETOPTIC, with 
no significant compromise in heart 
rate. And systemic effects (including 
CNS effects) are rarely reported. 


New BETOPTIC S. Glaucoma therapy 
both you and your patients can find 
ore comfortable. 


NEW 


Betoptic S 


y taxolol HCI) Sterile Ophthalmic 


Suspension, 0.25% 


solution is a unique suspension. 


*The new formulation of BETOPTIC S remains in the 
eye, allowing a longer absorption time for betaxolol, 
thus increasing drug bioavailability. This is why 
0.25% BETOPTIC S suspension and 0.5% BETOPTIC 
solution deliver the same amount of free drug to the 
aqueous humor. 


tBeta-] selectivity is not absolute. 


BETOPTIC S Sterile Ophthalmic Suspension has produced 
minimal effects in patients with reactive airway disease; 
exercise caution in treating patients with excessive 
restriction of pulmonary function. The possibility of 
adverse pulmonary effects in patients sensitive to beta 
blockers cannot be ruled out. 


Contraindicated in patients with sinus bradycardia, 
greater than a first-degree atrioventricular block, cardi- 
ogenic shock, overt cardiac failure, or hypersensitivity to 
any component of this product. Use caution in treating 
patients with a history of cardiac failure or heart block. 


BETOPTIC S suspension has been well tolerated in a 
majority of patients. Discomfort of short duration upon 
instillation may be experienced. Systemic reactions have 
been reported rarely and a complete listing appears in 
the prescribing information. 


Please see brief summary of prescribing information on 
the page following this advertisement. 


®© 
Alcon ALCON LABORATORIES. NOAS (UP ~ 


OPHTHAL MIC. FORT WORTH. TEXAS 76134 


© 1990 Alcon Laboratories, Inc. rir > 
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BETOPTIC® S (betaxoio! HCI) 0.25% as base Sterile Ophthalmic Suspension 


DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolol hydrochloride, a 
cardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 
INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 
effective in lowering intraocular pressure and may be used in patients with chronic open-angle 
glaucoma and ocular hypertension. It may be used alone or in combination with other intraocular 
pressure lowering medications. 

CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic 
Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 
atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. 

WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically, The 
same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 
occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to bronchospasm in patients with asthma, and rarely death in association with 
cardiac failure, have been reported with topical application of beta-adrenergic blocking agents. 
BETOPTIC S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 
blood pressure in clinical studies. Caution should be used in treating patients with a history of cardiac 
failure or heart block. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be 
discontinued at the first signs of cardiac failure. 

PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 
with caution in patients subject to spontaneous hypoglycemia or to diabetic patients (especially those 
with labile diabetes) who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 
adrenergic blocking agents may mask certain clinical signs (e.g., tachycardia) of hyperthyroidism. 
Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 
withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 
Muscle Weakness. Beta-adrenergic blockade has been reported to potentiate muscle weakness 
consistent with certain myasthenic symptoms (e.g., diplopia, ptosis and generalized weakness). 
Major Surgery. Consideration should be given to the gradual withdrawal of beta-adrenergic blocking 
agents prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
treatment of glaucoma patients with excessive restriction of pulmonary function. There have been 
reports of asthmatic attacks and pulmonary distress during betaxolol treatment. Although 
rechallenges of some such patients with ophthalmic betaxolol has not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in patients sensitive to beta blockers 
cannot be ruled out. Drug Interactions: Patients who are receiving a beta-adrenergic blocking agent 
orally and BETOPTIC S Ophthalmic Suspension 0.25% should be observed for a potential additive 
effect either on the intraocular pressure or on the known systemic effects of beta blockade. Close 
observation of the patient is recommended when a beta blocker is administered to patients receiving 
catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 
production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent; therefore, 
caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Ocular: In 
patients with angle-closure glaucoma, the immediate treatment objective is to reopen the angle by 
constriction of the pupil with a miotic agent. Betaxolol has little or no effect on the pupil. When 
BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angle- 
closure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 
Impairment of Fertility: Lifetime studies with betaxolol HC! have been completed in mice at oral 
doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolol HC! demonstrated no 
carcinogenic effect. Higher dose levels were not tested. In a variety of in vitro and in vivo bacterial and 
mammalian cell assays, betaxolol HCI was nonmutagenic. Pregnancy: Pregnancy Category C. 
Reproduction, teratology, and peri- and postnatal studies have been conducted with Orally 
administered betaxolol HCI in rats and rabbits. There was evidence of drug related postimplantation 
loss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolol HC! was 
not shown to be teratogenic, however. and there were no other adverse effects on reproduction at 
subtoxic dose levels. There are no adequate and well-controlled studies in pregnant women. 
BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: It is not known whether betaxolol HCI is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 
Suspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in 
children have not been established. 

ADVERSE REACTIONS: Ocular: In clinical trials, the most frequent event associated with the use of 
BETOPTIC S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 
conditions have been reported in small numbers of patients: blurred vision, corneal punctate keratitis, 
foreign body sensation, photophobia, tearing, itching, dryness of eyes, erythema, inflammation, 
discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported 
with other formulations of betaxolol include allergic reactions, decreased corneal sensitivity, edema 
and anisocoria. Systemic: Systemic reactions following administration of BETOPTIC S Ophthalmic 
Suspension 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include: 
Cardiovascular: Bradycardia, heart block and congestive failure. Pulmonary: Pulmonary distress 
characterized by dyspnea, bronchospasm, thickened bronchial secretions, asthma and respiratory 
failure. Central Nervous System: Insomnia, dizziness, vertigo, headaches, depression, and lethargy. 
Other: Hives, toxic epidermal necrolysis, hair loss, and glossitis. 

OVERDOSAGE: No information is available on overdosage of humans. The oral LD50 of the drug 
ranged from 350-920 mg/kg in mice and 860-1050 mg/kg in rats. The symptoms which might be 
expected with an overdose of a systemically administered beta-1-adrenergic receptor blocking agent 
are bradycardia, hypotension and acute cardiac failure. A topical overdose of BETOPTIC S Ophthalmic 
Suspension 0.25% may be flushed from the eye(s) with warm tap water. 

CAUTION: Federal (USA) Law Prohibits Dispensing Without a Prescription. 

U.S. Patent Nos. 4,252,984; 4,311,708; 4,342,783;4,911,920. 
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response from your 
recruitment ad, look to 
“Classified Advertising” 
in AMA publications. 


AMA Specialty Journals are 
unmatched in providing a 
targeted readership. So, all nine 
journals — The Archives and 
AJDC, do exactly what you 
want. Each one puts your 
recruitment message in the 
hands of qualified doctors in 
the specialty you are trying 

to reach. 


The affordable and very efficient 
“Classified Advertising” section 
in each journal offers a highly 
visible concentration of wide- 
ranging physician opportunities 
within each specialty. 

Take your choice, but make that 
choice an AMA specialty journal 
for physician recruiting. For 
complete advertising 
information, please call or write: 


AMA SPECIALTY JOURNALS 
The Media of Choice 


American Journal of Archives of Pathology 
Diseases of Children § & Laboratory Medicine 


Archives of Dermatology Archives of Internal Medicine 


Archives of General Psychiatry Archives of Neurology 


-Head & Neck Surgery Archives of Surgery 
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It could change 
your mind 
about video 
angiography. 


For answers that could 
make a practical difference 
in your practice, call 
ImageQuest at 800 
526-3386. We’ll send you 
literature about the second 
generation image analysis 

Cer that’s changing 
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Who gives you high resolution hard copies in i 
40 seconds at less than 25 cents each? ( IQ) 
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Retinoblastoma Incidence in the United States 


To the Editor.—I read the article by Tamboli et al! with in- 
terest. I commend the authors for attempting to study the 
incidence of retinoblastoma in the United States, and 
although I think most of their conclusions are correct, they 
and the reader must be aware of significant problems with 
their approach. Their incidence figures, and those in an 
earlier report by Pendergrass and Davis,’ utilize the Sur- 
veillance, Epidemiology, and End Results (SEER) program 
for analysis. This is an appropriate way to study cancer in 
the United States in general but a poor way to study reti- 
noblastoma in particular. They have studied a total of 220 
cases from nine population areas in this country during an 
1l-year period. Because retinoblastoma treatment is con- 
centrated in the hands of a relatively small number of 
groups in this country, they missed the data from New York, 
NY, and Philadelphia, Pa, which together represent a pop- 
ulation 5 to 10 times larger than the numbers they used to 
generate data on incidence. For example, they published the 
incidence figures on children between the ages of 5 and 9 
years despite the fact that they found only one case per year 
nationally in all of their groups. That is quite an extrapo- 
lation! 

The SEER program has other ways of gaining informa- 
tion about cancer in this country and many of these meth- 
ods are inappropriate for retinoblastoma as well. For 
example, looking through the records of nursing homes is 
of no value for retinoblastoma. Even death certificates in 
the United States are of little help. More children in this 
country die of second nonocular cancers than retinoblas- 
toma itself, and retinoblastoma will usually not be listed on 
their death certificates. 

The authors alluded to our observation that more pa- 
tients die of second tumors than retinoblastoma itself but 
stated that we have not given an “explicit statistical test” 
to document it. They are correct, but it is a painfully obvi- 
ous fact that anyone and everyone involved in the treatment 
of these children sees daily. 

Large centers like ours cannot be used to study incidence 
because of our bias of referral, but one wonders if a smaller 
number of cases collected, as the authors have done, is much 
better. Until a national registry is established to collect 
such important data, we will all have to live with earnestly 
collected imperfect data. 

Davip H. ABRAMSON, MD 
New York, NY 


1. Tamboli A, Podgor MJ, Horm JW. The incidence of retinoblastoma in 
the United States: 1974 through 1985. Arch Ophthalmol. 1990;108:128-132. 

2. Pendergrass TW, Davis S. Incidence of retinoblastoma in the United 
States. Arch Ophthalmol. 1980;98:1204-1210. 


In Reply.—Dr Abramson seems concerned that some cases 
of retinoblastoma may be missed by the SEER program due 
to referrals to major treatment centers in New York and 
Philadelphia. Indeed, disease incidence estimates require 
complete ascertainment of cases among defined populations 
at risk. The residents in each registry constitute the popu- 
lations at risk in the SEER database. Because of the 
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geographic location of several of the registries, it seems 
unlikely that many children with retinoblastoma would be 
referred out of these registries. Furthermore, the homoge- 
neity of incidence rates across all registries suggests that 
only a few cases of retinoblastoma occurring in the SEER 
areas may not be recorded in the registries. Therefore, we 
believe that there is nearly complete ascertainment of the 
number of retinoblastoma cases in these populations, and 
one may thus estimate incidence. 

In addition to incidence estimation, a population-based 
data collection system such as SEER may be used to deter- 
mine temporal trends, sex, age, and racial/ethnic differ- 
ences. Furthermore, the precision of such estimates may be 
assessed. Specifically, the 12 cases of retinoblastoma re- 
corded by SEER in children aged 5 to 9 years from 1974 to 
1985 occurred among 10% of the total US population in that 
age group during that period and corresponded to an annual 
incidence of 0.6 cases per million, with a 95% confidence in- 
terval (CI) of 0.3 to 1.1 cases per million (Table 2 of our re- 
port). While a larger sample would decrease the width of the 
CIs, we suggest that the population-based estimates we 
have presented are sufficiently precise to assess national 
retinoblastoma incidence. 

Although we agree that those methods listed by Dr 
Abramson for obtaining information on retinoblastoma are 
of limited value, we note that they are not the primary 
means of finding cases used by SEER. Other methods used 
in the SEER program, such as hospital records and treat- 
ment and pathology laboratory reports, are more appropri- 
ate and are more fully described in reference 11 of our ar- 
ticle. 

We have noted the absence of statistical evaluation in the 
presentation' of Dr Abramson’s survival data for unilateral 
and bilateral retinoblastoma. In our opinion, this restricts 
interpretation of the data. Moreover, differences in survival 
between referral centers and population-based data may be 
due to baseline (eg, tumor size) or treatment differences. 
Therefore, referral data and population-based data may 
yield different results. We have noted that the relatively few 
deaths reported in the SEER data limit conclusions for 
possible prognostic factors. Reanalysis of the survival data 
after an even longer follow-up thus might be beneficial. 

Dr Abramson implies that the only way to obtain valid 
incidence data is through a national registry of retinoblas- 
toma cases. Indeed, if a complete national registry could be 
established, it would yield exact values of the national in- 
cidence of retinoblastoma. As in other contexts where such 
enumeration does not exist or is not possible, however, one 
could use population-based data and appropriate statistical 
analyses to properly estimate the incidence. We have pre- 
sented such estimates, and their corresponding CIs, to 
quantify the occurrence of retinoblastoma in the United 
States. 

ASHLESHA TAMBOLI, MD, PHD 
MARVIN J. PopGor, MS 

JOHN W. Horm, MSc 
Bethesda, Md 


1. Abramson DH, Ellsworth RM, Grumbach N, Kitchin FD. Retinoblas- 


toma: survival, age at detection and comparison 1914-1958, 1958-1983. J Pe- 
diatr Ophthalmol Strabismus. 1985;22:246-250. 
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Causes of Proliferative Retinopathy 
Following Pneumatic Retinopexy 


To the Editor.—The article by Hackett et al' in the March 
1989 issue of the ARCHIVES has serious implications for the 
technique of pneumatic retinopexy. With this technique, an 
expanding gas bubble causes retinal flattening by a combi- 
nation of the surface tension of the bubble, preventing re- 
cruitment of fluid from the vitreous cavity through the ret- 
inal hole, and the bubble squeezing subretinal fluid through 
the open break. The latter is sometimes deliberately en- 
couraged by performing “steamroller maneuvers.” As a re- 
sult of subretinal fluid being squeezed through the break, a 
marked increase in vitreous flare and pigment cells can be 
observed.2 On one occasion, we have observed pigment cells 
being squeezed through an open break using the slit lamp 
with a 90-diopter lens. 

This dumping of subretinal fluid into the vitreous cavity 
is unique to pneumatic retinopexy; in conventional retinal 
detachment surgery, the subretinal fluid becomes isolated 
from the vitreous cavity by the indent or is drained exter- 
nally through a sclerotomy. 

It is clear from the article by Hackett et al' that such iso- 
lated subretinal fluid could have harmful consequences 
since pigment epithelial cells and possibly mitogenic factors 
would be allowed increased access to the retinal surface. 
This may increase the risk of proliferative vitreoretinopa- 
thy developing. There is evidence that proliferative vit- 
reoretinopathy is found more frequently after pneumatic 
procedures.?? Damage to the blood-aqueous barrier and 
compaction of the vitreous gel with displacement of hyalu- 
ronic acid have been suggested as causative factors; dump- 
ing of subretinal fluid into the vitreous cavity should now 
be added to this list. Subretinal fluid clearly cannot be re- 
garded as an inert fluid separating the retina from the pig- 
ment epithelium and any technique that displaces it into the 
vitreous cavity should be regarded with caution. 

PHILIP G. GRIFFITHS 
JOHN RICHARDSON 
Sunderland, England 


1. Hackett SF, Conway BP, Campochiaro PA. Subretinal fluid stimulation 
of retinal pigment epithelial cell migration and proliferation is dependent on 
certain features of the detachment or its treatment. Arch Ophthalmol. 
1989;107:391-394. 

2. Griffiths PG, Richardson J. Pneumatic retinopexy in the repair of fresh 
retinal detachments. Eye. In press. 

3. Chen JC, Robertson JE, Coonan P, et al. Results and complications of 
pneumatic retinopexy. Ophthalmology. 1988;95:601-605. 


In Reply.—Pneumatic retinopexy has several potential ad- 
vantages for the management of some retinal detach- 
ments.'? It involves much less manipulation than a scleral 
buckle and does not require a conjunctival incision; it 
therefore (1) eliminates the need to go to the operating 
room, (2) speeds rehabilitation and visual recovery, (3) de- 
creases the likelihood of muscle imbalance, (4) eliminates 
surgically induced refractive error, and (5) eliminates con- 
junctival and episcleral scarring that can complicate future 
surgical procedures. Initially it was used for a select group 
of detachments with superior breaks not more than 1 clock 
hour apart, but enthusiasm generated by the above advan- 
tages has prompted some surgeons to expand their indica- 
tions. 

As experience with the techique has grown, so has the list 
of potential disadvantages, which now includes (1) the de- 
velopment of new retinal breaks, (2) the development of 
folds through the macula, (8) detachment of a previously 
attached macula, (4) subretinal gas, and (5) a decreased 
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success rate in aphakic detachments and detachments with 
inferior breaks. A high rate of proliferative vitreoretinop- 
athy (PVR) has also been suggested.’ Griffiths and Rich- 
ardson offer additional anecdotal evidence to support the 
contention that there is an increased incidence of PVR as 
well as some interesting observations concerning potential 
mechanisms. 

Their observation of pigmented cells entering the vitre- 
ous after injection of a bubble is provocative. It might be 
helpful to know more details concerning this case, such as 
the duration and extent of the detachment and whether 
cryopexy was administered prior to bubble injection. Hilton 
et al' have given this matter consideration; they do not rec- 
ommend cryopexy prior to employing the steamroller ma- 
neuvers. Such details are also important regarding the 
amount of mitogenic and chemotactic activity in subretinal 
fluid. Mitogenic activity correlates with the duration and 
extent of detachment, and chemotactic activity correlates 
with the amount of cryopexy performed.’ Thus, displace- 
ment of subretinal fluid into the vitreous may be more haz- 
ardous in some situations than in others and may be 
another factor to consider in patient selection for and tech- 
nical approach to pneumatic retinopexy. 

It should be noted that results from a multicenter 
randomized controlled clinical trial do not suggest that 
PVR occurs more commonly after pneumatic retinopexy 
than it does after scleral buckling procedures for some un- 
complicated detachments.’ However, these data should not 
be extrapolated to all detachments, because only those with 
a very small risk of developing PVR were included in the 
study. When used in the setting of scleral buckling 
surgery, injection of intravitreous gas enhances the risk of 
PVR and is associated with earlier onset of PVR, but it is 
not an independent risk factor.’ This means that it may be 
a marker for other risk factors or operate in conjunction 
with them. Therefore, it is possible that an enhanced risk 
of PVR associated with pneumatic retinopexy might only 
become manifest in the presence of other risk factors. 

Additional studies are needed to determine if the obser- 
vations and theoretical concerns raised by Griffiths and Ri- 
chardson have clinical significance. Until then, their letter 
should serve as another note of caution concerning poten- 
tial hidden hazards of a seemingly simple procedure. 

PETER A. CAMPOCHIARO, MD 
BRIAN P. Conway, MD 
SEAN F. HACKETT 
Charlottesville, Va 
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comparing pneumatic retinopexy with scleral buckling. Ophthalmology. 
1989;96:772-784. 

3. Chew JC, Robertson JE, Coonan P, et al. Results and complications of 
pneumatic retinopexy. Ophthalmology. 1988;95:601-608. 
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Yersinia Infection in 
Acute Anterior Uveitis 


To the Editor.—I read with interest the article by Wakefield 
and colleagues in the February 1990 issue of the ARCHIVES.’ 
This well-conducted study found evidence of previous Yer- 
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sinia infection in 12 of 28 consecutive patients with anterior 
uveitis. 

Cafferkey, Eustace, and P previously reported serologic 
evidence of this infection in 13 of 54 patients with anterior 
uveitis who were surveyed. Wakefield and colleagues did not 
refer to our work and I am writing to provide the reference 
for interested readers. 

In serologic testing, we used tube saline agglutination 
tests, and not the enzyme-linked immunosorbent assay 
method used by Wakefield and colleagues. However, the 
similar results emphasize that this condition may be widely 
undiagnosed in patients with acute anterior uveitis 

FRANK LARKIN, MB, FRCS 
Bristol, England 


1. Wakefield D, Stahlberg TH, Toivanen A, Granfors K, Tennant C. Sero- 
logic evidence of Yersinia infection in patients with anterior uveitis. Arch 
Ophthalmol. 1990;108:219-221. 

2. Larkin DFP, Cafferkey MT, Eustace P. Yersinia-induced uveitis in 
Ireland. Br J Ophthalmol. 1988;72:938-941. 


Ultrasonography With Nonophthalmic Equipment 


To the Editor.—Ophthalmic ultrasound using the B-sean 
mode has been widely used by ophthalmologists for the di- 
agnosis of ocular disease when the media is not clear enough 
for visual diagnosis and for the evaluation of intraocular 
tumors and foreign bodies.) When instrumentation de- 
signed for ocular use is not available, neurosurgically or 
urologically oriented machines may be used for ocular 
diagnosis. 

We have used the Diasonic 400 Series Ultrasonic Imaging 
System (Diasonics Inc, Malipitas, Calif) using a neurosur- 
gical probe with a 10-MHz transducer to perform B-scan 
ultrasonography. This has been useful in screening patients 
with cataract with opaque media, looking for retinal de- 
tachments in patients with vitreous hemorrhage, and for 
examining patients with intraocular tumors (Figure, chor- 
oidal melanoma). We found the images obtained to be of 
high quality. In addition, the ability to measure lesion size 
was useful in the evaluation of a patient with a choroidal 
tumor. 

We hope this will inform our colleagues of the ability to 
use nonocular equipment in the diagnosis of ocular disease. 

CAROL A. JOHNSTON, MD 
CHARLES S. TEITELBAUM, MD 
Syracuse, NY 


The authors have no proprietary interest in the equipment used in this 
study. 


1. Coleman DJ, Lizzi FL, Jack RL. Ocular diagnosis. In: Coleman DJ, Lizzi 
FL, Jack RL, eds. Ultrasonography of the Eye and Orbit. Philadelphia, Pa: Lea 
& Febiger; 1977:158. 


B-scan ultrasonogram obtained using a 10-MHz probe with Diasonic 400 
instrument showing a 0.26-cm elevated choroidal melanoma with char- 
acteristic choroidal excavation. 
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Contact Ultrasonography and Hypotonous Eyes 


To the Editor.—We read with interest the case report by 
Dannemann et al' in the July 1989 issue of the ARCHIVES. 
The authors reported an interesting dramatic event during 
ultrasonography and concluded from this one event that 
“ultrasonography should be limited to those cases where 
funduscopic evaluation is impossible but necessary for 
clinical management.” 

This conclusion is unwarranted and overstated. The pri- 
mary variable in this patient was the hypotony. For other 
patients, contributory factors include vomiting, cough- 
ing, and inadvertent Valsalva maneuvers. Ultrasonogra- 
phy is helpful in separating serous choroidals from hemor- 
rhagic choroidals; when the latter are kissing, drainage 
often accelerates improvement. Careful ultrasonography 
should not be withheld from the management of these 
eyes. 

WILLIAM B. SNYDER, MD 
JOHN R. LYNN, MD 
RONALD L. FELLMAN, MD 
RICHARD J. STARITA, MD 
Dallas, Tex 


1. Dannemann AF, Majerovics A, Kaback MB. Documentation of supra- 
choroidal hemorrhage during B-scan ultrasonography. Arch Ophthalmol. 
1989;107:960. 


In Reply.—We appreciate the interesting comments made 
by Snyder et al regarding our report. The purpose of it was 
twofold. First, the source of a suprachoroidal hemorrhage 
had, to eur knowledge, never been documented. The occur- 
rence of hemorrhage during an ultrasonographic examina- 
tion allowed us to visualize and document what appeared to 
be an arterial source for this infrequent postoperative 
complication. Second, we raised the possibility that the ex- 
aminatien may have contributed to the development of the 
hemorrhage. Although hypotony is often present in eyes 
that develop suprachoroidal hemorrhages, additional risk 
factors, such as ocular trauma and inflammation, are prob- 
ably necessary before a bleed occurs.' It also appears that 
eyes with glaucoma,’ high myopia,’ and aphakia,* as well as 
those eyes that have undergone vitrectomy, are much more 
prone to suprachoroidal hemorrhaging. In susceptible eyes, 
minor trauma (globe indentation) or elevations of central 
venous pressure may be sufficient to tip a delicate balance 
created by surgery and cause a friable, taut vessel to bleed. 
The relationship of risk to benefit must always be consid- 
ered when ordering any test since even the most “benign” 
examination may be followed by serious complications. If 
an ultrasonographic examination is necessary to diagnose 
and treat a given condition, then it should be performed. 
Obviously, this decision ultimately rests on the clinical 
judgment of the physician. 
MARTIN B. KABACK, MD 
ANDREW DANNEMANN, MD 
ANNA MAJEROVICS, MD 
Albany, NY 


1. Brubaker RF. Intraocular surgery and choroidal hemorrhage. Arch 
Ophthalmol. 1984;102:1753. 

2. Cantor LB, Katz LJ, Spaeth GL. Suprachoroidal expulsive hemorrhage 
in glaucoma patients undergoing intraocular surgery. Ophthalmology. 
1985;92:1266-1270. 

3. Ruderman JM, Harbin TS Jr, Campbell DG. Postoperative supracho- 
roidal hemorrhage following filtration procedures. Arch Ophthalmol. 
1986;104:201-205. 

4. Gresse! MG, Parrish RK, Heuer DK. Delayed nonexpulsive supracho- 
roidal hemorrhage. Arch Ophthalmol. 1984:102:1757-1760. 
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Spontaneous Involution of a Choroidal Osteoma 


| To the Editor.—Spontaneous involution, a rarely observed 
F occurrence in a choroidal osteoma, was noted in the eye of 
a 25-year-old woman who had been followed up for 8 years. 


Report of a Case.—In 1978 a 17-year-old white woman noted 
blurred vision in her right eye. A yellow-red choroidal lesion mea- 
suring 3 X 4 disc diameters was found in the right posterior pole. 
It involved the superior half of the macula, reducing visual acuity 
to 20/30 (Fig 1, top). Ultrasonographic (Fig 1, bottem) and 
computed tomographic findings supported the clinical diagnosis of 
a choroidal osteoma. 

In 1979, while the patient participated in a basketball game, her 
visual acuity suddenly decreased to 20/60 due to the development 
of a serous retinal detachment associated with a hemorrhage un- 
der the retinal pigment epithelium overlying the center of the le- 
sion (Fig 2, top). The hemorrhage and detachment slowly resolved, 
leaving rather mottled-appearing retinal pigment epithelium on 

* the surface of the osteoma. The patient’s visual acuity returned to 
and remained at the 20/30 level for at least 1 year. Fluorescein an- 
giography failed to show a neovascular membrane or disciform 
sear. 

In 1984, while pregnant with her first child, the patient began to 
notice the onset of a gradual decrease of visual acuity. In 1986 af- 
ter the birth of her second child the patient’s visual acuity reached 


Pa Fig 1.—Top, Choroidal osteoma (black arrows) measuring 3 X 4 disc 
diameters in 1978. Bottom, Ultrasonogram showing a highly reflective 
plaquelike choroidal lesion at 80 dB (white arrowheads), remaining 
clearly visible at reduced instrument sensitivity. 
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20/200 and a deep crater-shaped depression had developed in the 
center of the osteoma (Fig 2, bottom). The fovea was located at the 
inferior edge of the crater where there was pigment proliferation. 
On fluorescein angiography, very early hyperfluorescence progress- 
ing to late staining in the crater-shaped excavation suggested a 
diffuse network of fine vessels of choroidal origin. Ultrasonograph- 
ically, the osteoma was unchanged in overall size, but the central 
portion was markedly thinner than in 1978. 


Comment.—Choroidal osteoma is a rare, acquired tumor 
composed of cancellous bone. In general, it occurs as a sol- 
itary, unilateral lesion, almost exclusively in young women. ' 
While their development has been attributed at times to 
episodes of intraocular or orbital inflammation, the patho- 
genesis of most cases remains uncertain. Recently, sponta- 
neous decalcification of a choroidal osteoma has been 
described in a 23-year-old woman.’ Resorption of bone, un- 
der normal and abnormal conditions, usually occurs 
through the activity of osteoclasts, which are thought to 
derive from blood-borne monocytes. Osteoclast activity can 
be stimulated by parathyroid hormone, osteoclast activat- 
ing factor, prostaglandins, or excessive 1,25-dihydroxyvita- 
min D,. In chronic inflammatory conditions, mononuclear 
phagocytes’ and multinucleated giant cells may also par- 
ticipate in the resorption of bone, including heterotopic 





Fig 2.—Top, Subpigment epithelial hemorrhage and serous retinal de- 
tachment obscure osteoma in 1979. Bottom, A crater-shaped depres- 
sion developed in the center of the osteoma in 1986 (black arrows). 
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bone,’ of which choroidal osteomas are composed. However, 
in the case reported here, there were never any clues for in- 
flammation in the eye or orbit. 

It is conceivable that osteoclast activity was stimulated 
by the subpigment epithelial hemorrhage or the patient’s 
pregnancies. Decalcification of a choroidal osteoma has 
been reported after photocoagulation of subretinal neovas- 
cularisations arising from the osteoma.? In the case pre- 
sented here, no photocoagulation treatment had been ap- 
plied. The neovascularizations observed in the crater- 
shaped defect are believed to be the result, rather than the 
cause, of involution of the osteoma. 

HELMUT BUETTNER, MD 
Rochester, Minn 
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Eyelid Creaser 


To the Editor.—Reconstruction of the upper eyelid crease 
has become a popular adjunct to cosmetic blepharoplasty.’ 
It is used in patients who have a low, poorly defined, or du- 
plicated crease. Reconstruction of a high upper eyelid crease 
is also helpful in the patient with potential dry eye 


Fig 1.—Upper eyelid creaser consists of a handle and a thin, slightly 
curved metal extension. 
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Fig 2 —Top, Patient with upper eyelid dermatochalasis and poorly de- 
fined upper eyelid creases. Bottom, Same patient; the upper eyelid 
creaser is used to compress upper eyelid skin to determine the desired 
position to reconstruct an upper eyelid crease. 


syndrome because it requires less upper lid skin to be 
removed for the same cosmetic effect as would be obtained 
with excision of skin without crease reconstruction; there- 
fore, it decreases lagophthalmos and the risk of exposure 
keratopathy. 

The reconstruction of an upper eyelid crease must be dis- 
cussed with the patient preoperatively. Although most pa- 
tients find a high upper eyelid crease to be cosmetically ap- 
pealing, there are some who strongly dislike its appearance. 
It is therefore advantageous to be able to demonstrate to 
patients preoperatively how they will look with crease re- 
construction and to predetermine the desired level to 
reconstruct the upper eyelid crease. 

To predetermine the position to reconstruct an upper 
eyelid crease, a curved instrument is needed for compres- 
sion of the upper lid skin. I formerly used an unwound, 
slightly curved paper clip and pressed it at various positions 
of the upper lid. Many of my patients reacted negatively to 
the use of a paper clip to determine their lid crease, saying 
how crude an instrument it is. This led to the development 
of a new, more sophisticated instrument, the upper eyelid 
creaser. 

The upper eyelid creaser consists of a 4-em, curved, thin, 
metal wire attached to a handle (Fig 1). The wire has a cur- 
vature similar to the normal upper eyelid crease; however, 
the wire is flexible and can be bent by the examiner if the 
curve needs to be flattened or extended. The examiner holds 
the handle and presses the wire into the upper lid at var- 
ious positions until the surgeon and patient agree on a de- 
sirable level at which to perform the reconstruction (Fig 2). 
A measurement is made between the upper lid margin and 
the chosen position, and this measurement is used intra- 
operatively to determine the position to reconstruct the 
crease. 

This instrument has been used effectively before recon- 
struction of the upper eyelid crease in more than 50 pa- 
tients. 

ALLEN M. PUTTERMAN, MD 
Chicago, Ill 


The upper eyelid creaser is available through Kar! Ilg & Co, 6 N 601 Rte 
31, St Charles, IL 60174. 

The author has no commercial or proprietary interest in the eyelid creaser 
described in this report. 


1. Tenzel R. Upper eyelid crease formation. In: Putterman AM, ed. 


Cosmetic Oculoplastic Surgery. New York, NY: Grune & Stratton; 1989;179- 
186. 
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When something is missing, 
its just not the same. 


Of course it’s not the same. 

Refresh? Lubricant Ophthalmic Solution is missing something found in other artificial 
tears—preservatives. 

And no preservative eliminates the potential iatrogenic effects of frequently applied preserved tear 
supplements. Preservatives can adversely affect the lipid layer and chronic instillation of preserved tear 
substitutes may be cytotoxic to corneal and conjunctival tissue.! 

What’s more, Refresh Ophthalmic Solution is a dual-polymer artificial tear. One polymer is 
povidone (polyvinylpyrrolidone 0.6%), a wetting agent which acts as an “artificial mucus” to help coat 
the conjunctival surface. The other is Liquifilm* (polyvinyl alcohol 14%). Liquifilm spontaneously 
coats the ocular surface and provides prolonged surface contact time to sustain patient comfort. In 
combination, Liquifilm and povidone provide a unique polymeric action to help supplement both 
aqueous and mucin deficiencies, stabilize precorneal tear film and sustain patient comfort. 

True, your dry eye patients who require an occasional tear supplement may tolerate 
preserved tears. For more chronic users, however, or for those patients with persistent s% 
conjunctival or corneal staining or unrelieved ==, 


subjective symptoms, an upgrade to Du A F POLYM E R 


preservative-free Refresh Ophthalmic 


Solution should be considered. ® 
And while everybody else 

continues to debate the relative 

merits of one preserved artifi- i . ‘ 

teaver another Lubricant Ophthalmic Solution 


something will still be missing. The Extra Polymer 
Refresh. You May Be Missing. 







1. Holly FJ. Surface chemical evaluation of artificial tears and their ingredients. II. Interaction with a superficial lipid layer. 
Contact Lens 1978 July/Sept;4(3):52-65. 
2. Burstein NL. Corneal cytotoxicity of topically applied drugs, vehicles and preservatives. Surv Ophthalmol 1980;25(1):15-30. 
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small Ineision System 


An integrated approach to small incision surgery 


Small incision cataract surgery offers today’s surgeon numerous benefits, including 
faster patient recovery and greater control. If you’re now performing small incision 
surgery or just considering the technique, you'll want to talk to Storz. Because only 
Storz offers a total system of ophthalmic products ideal for small incision surgery. 
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The Storz Small Incision System continues with innovative ultrasound instrumentatio 
for fast and easy IOL power calculations plus a variety of ophthalmic pharmaceuticals 
including Neptazane® and Diamox® products. *Data on file 


Control your facility operating costs! 


When you work with the Storz Small Incision System, you get more than just quality 
products—you get the convenience and economy of dealing with a single source. 
Plus many of your purchases earn points in the Storz Spirit™ program—the program 
that rewards you for choosing the best. 

See your Storz representative for full details or call 1-800-325-9500. 
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Case Reports 





Laceration of the Globe due 
to a Blow-out Fracture 





We present a case of an inferior orbital 
blow-out fracture that is unusual in 
both the nature of the severe ocular 
injury and the surprising lack of find- 
ings that would suggest such an injury 
to a nonophthalmologist. 


Report of a Case.—A 22-year-old white 
man was struck with a fist in his right eye. 
He did not seek medical attention initially 
and when his lid swelling decreased he be- 
gan to notice diplopia along with floaters 
and photopsia. On examination, the pa- 
tient’s best visual acuity was 20/30+. He 
was unable to either supraduct or infraduct 
the globe and there was numbness in the 
distribution of the infraorbital nerve. Re- 
sults of the anterior segment examination 
were normal with no evidence of blunt 
trauma. However, the funduscopic exami- 
nation revealed a 2-disc-diameter tear in 
the inferior retina just posterior to the 
equator. 

Beneath the tear the choroid was rup- 
tured, with bare sclera visible (Figure). 
There was a small amount of vitreous hem- 
orrhage surrounding the tear but the re- 
mainder of the fundus examination results 
were normal. Applanation tension was 16 
OD. There was no physical examination ev- 
idence or history to suggest any sort of ex- 
ternal penetrating injury. A computed to- 
mographic scan was performed and it dem- 
onstrated a large inferior-wall blow-out 
fracture. There were no bone fragments 
within the globe or orbit. 

The patient was taken to the operating 
room where the scleral laceration was ex- 
plored. The laceration was very bevelled 
and was closed easily with a single 6-0 Da- 
cron suture. Cryopexy was then performed 
around the margins of the tear. The orbital 
floor fracture was explored and the inferior 
rectus was found to be entrapped; it was re- 
leased and the bony defect was covered with 
a Supramid plate. The patient’s postopera- 
tive course was unremarkable, with return 
of motility and adequate chorioretinal scar- 
ring around the perforation site. 


Comment.—Although a substantial 
percentage of blow-out fractures will 
result in some sort of ocular injury, 
these injuries are usually limited to 
sequelae of blunt trauma, such as iri- 
tis, hyphema, or retinal commotio.! 
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Rupture of the globe is rare in the set- 
ting of blow-out fractures due to the 
release of compressive forces as the 
orbital wall expands.’ To our knowl- 
edge, this is the only reported case of a 
penetrating ocular injury stemming 
directly from an isolated inferior-wall 
blow-out fracture. We suspect that 
during impact the globe was subluxed 
inferiorly and posteriorly, at which 
point it was transiently speared by ei- 
ther the posterior rim of the fracture 
or a bony fragment. With release of 
pressure on the orbit the globe then 
returned toward its normal position, 
pulling out the offending piece of bone. 

This case is even more unusual given 
the lack of related findings to suggest 
a severe ocular injury. The ophthal- 


mologist’s first exposure to a patient 
with a blow-out fracture is often over 
the telephone in the form of a descrip- 
tion of findings by the examining phy- 
sician in the emergency department. 
Although our patient was not seen im- 
mediately, it is likely that he would 
have had near normal visual acuity 
and essentially no anterior segment or 
posterior pole findings. Without a di- 
lated indirect ophthalmoscopic exam- 
ination he would have automatically 
been assigned a very low probability of 
having had a severe ocular injury and 
would have been considered extremely 
unlikely to have sustained a perforat- 
ing injury to the globe. In essence, this 
case indicates that there is little room 
for complacency in the evaluation of 


Fundus photograph showing a retinal hole with underlying tear in the sclera and choroid (large ar- 
row), along with localized vitreous hemorrhage (small arrow). 
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these all too frequent injuries and that 
good visual acuity and a paucity of an- 
terior segment findings do not, by any 
means, preclude the need for a thor- 
ough dilated fundus examination. 
JON WALKER, MD 
FREDERICK H. DAviporF, MD 
DAVID R. KELLY, MD 
WILLIAM J. DOYLE, MD 
Columbus, Ohio 


This study was supported in part by the Ohio 
Lions Eye Research Foundation, Columbus. 

Reprint requests to 456 Tenth Ave, Columbus, 
OH 43210 (Dr Walker). 
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Micrococcus Endophthalmitis 


Micrococci are gram-positive coagu- 
lase-negative cocci that commonly in- 
habit the soil and are frequently found 
on the skin and conjunctiva of humans. 
Although other gram-positive coagu- 
lase-negative cocci, such as Staphylo- 
coccus epidermidis, are well recog- 
nized pathogens in endophthalmitis, 
similar reports concerning micrococci 
are lacking. In a study addressing the 
issue of ocular pathogenicity, micro- 
cocci from human conjunctiva failed to 
produce disease in rabbits after intra- 
corneal injection of twice the dose re- 
quired to cause corneal infection by S 
epidermidis from similar sources.’ 
Nevertheless, Micrococcus has been 
reported as an opportunist in con- 
junctivitis’ and in corneal ulcers asso- 
ciated with therapeutic soft contact 
lens wear. We found no model of 
endophthalmitis. 

We report a case of traumatic en- 
dophthalmitis associated with an in- 
traocular metallic foreign body. 


Report of a Case.—A healthy 30-year-old 
white man was mowing his lawn and felt a 
sudden twinge of pain associated with a 
flash of light in the right eye. He noted no 
change in his visual acuity and remained 
asymptomatic until 4 days later when he 
developed severe pain and a decline in 
visual acuity. He was seen by an ophthal- 
mologist who noted an iritis and a vitreous 
hemorrhage. His visual acuity was counting 
fingers. There was no evidence of penetrat- 
ing injury. The patient was treated with 
topical steroids and cycloplegics with 
symptomatic improvement. The following 
day he was referred to our clinic because of 
continued visual decline. 

On examination his visual acuity was 
counting fingers at 1 foot in the right eye 
and 20/20 in the left eye. The pupil was 4 
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mm and nonreactive on the right, and 2mm 
and reactive on the left, with no afferent 
pupillary defect. On slit-lamp examination 
there was lid edema and ptosis with diffuse 
chemosis, conjunctival injection, and a 
clear cornea. There was a 1-mm hypopyon 
and a plastic iritis. The lens was clear and 
intraocular pressures were normal. The 
vitreous cellular reaction and haze pre- 
cluded visualization of the posterior pole. 

Plain roentgenograms showed no foreign 
body; however, B-scan ultrasonography re- 
vealed a highly reflective foreign body sur- 
rounded by debris and highly ecogenic ma- 
terial (Fig 1). 

The patient underwent lensectomy, pars 
plana vitrectomy, and forceps extraction of 
an intravitreal metallic foreign body that 


inferior 


was encapsulated and surrounded by a 
large collection of yellowish exudative ma- 
terial. No retinal break was noted. An 
entrance wound was found superonasally 2 
mm from the limbus. Clindamycin phos- 
phate and gentamicin sulfate were injected 
intravitreally and subconjunctivally and 
the patient received systemic gentamicin 
and clindamycin until discharge. 

Cultures of the lids, conjunctiva, and vit- 
reous showed heavy growth of micrococci 
highly sensitive to gentamicin, clindamy- 
cin, neomycin sulfate, and penicillin G po- 
tassium (Fig 2). Four days after surgery the 
patient was discharged while receiving oral 
penicillin and topical neomycin. One month 
later his best corrected visual acuity was 
20/200. 





Fig 1.—B-scan ultrasonography of the right orbit revealing a highly reflective foreign body over- 
lying the inferior retina (asterisk). Note the highly echogenic nature of the debris in what appears 
to be the tract of entry (arrow) of this metallic foreign body. 


Fig 2.—Gram stain of Micrococcus cultures from the vitreous cavity. Note the variable grouping 
of these large gram-positive cocci occurring singly and in pairs and dividing in more than one plane 


to form irregular clusters. 
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Comment.—This case demonstrates 
that micrococci, although characteris- 
tically nonpathogenic or of low viru- 
lence, can cause endophthalmitis and 
should not be regarded as mere culture 
contaminants. The patient may have 
been the source of infection with mi- 
crococci since lid and conjunctival cul- 
tures demonstrated a heavy coloniza- 
tion with micrococci. However, since it 
is acommon soil inhabitant, the possi- 
bility of its presence on the intraocular 
foreign body cannot be excluded. At 
any rate, Micrococcus acted as an op- 
portunist and gained entrance into the 
eye through a traumatic wound from a 
foreign body, which then served as the 
nidus for infection. 

Micrococci are differentiated from 
other coagulase-negative gram-posi- 
tive cocci based on their culture ap- 
pearance and the fact that they are 
strict aerobes. They are resistant to 
lysozyme and lysostaphin, while S epi- 
dermidis is resistant only to lysozyme. 

Management of micrococecal en- 
dophthalmitis is like that of any other 
bacterial endophthalmitis and should 
be based on typical antibiotic sensitiv- 
ities. Initial broad-spectrum coverage 
with cephazolin sodium and gentami- 
cin is adequate in most cases since Mi- 
crococcus luteus, comprising 65% of all 
micrococcal isolates from ocular cul- 
tures, is highly sensitive. On the other 
hand, Micrococcus sedentarius, the 
second most common isolate, shows 
resistance to various antibiotics. All 
species are resistant to methicillin so- 
dium. Polymixin B sulfate, neomycin, 
and gentamicin may not be effective 
against the less common isolates; how- 
ever, cephazolin and bacitracin zine 
offer good coverage against these spe- 
cies. Due to the variability in sensitiv- 
ities to antimicrobials, it is essential to 
identify the organism’s antibiotic sen- 
sitivity pattern to achieve a more ef- 
fective treatment.* 

MONT J. CARTWRIGHT, MD 
MARTA H. KING, MD 
ROBERT S. WEINBERG, MD 
R. KENNON GUERRY, MD 
Richmond, Va 
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Hypothesis Concerning Carbonic 
Anhydrase Treatment of 

Cystoid Macular Edema: 

Example With Epiretinal Membrane 





Acetazolamide has been shown exper- 
imentally to facilitate the transport of 
water across the retinal pigment epi- 
thelium (RPE) from the subretinal 
space to the choroid.' Cox et al? found 
that carbonic anhydrase inhibitors 
were effective in promoting the ab- 
sorption of intraretinal fluid in some 
cases of cystoid macular edema(CME), 
and they proposed that these drugs 
would be most effective in disorders in 
which the leakage came from the RPE 
rather than from the retinal vascula- 
ture. However, Fishman et al? found 
them to be most effective against 
parafoveal retinal vascular edema in 
retinitis pigmentosa. 

There may be a simple explanation 
for these differing observations. Water 
is transported across the RPE in con- 
junction with a net movement of ions 
(particularly sodium chloride and bi- 
carbonate), and the mammalian RPE 
membrane contains several active and 
facilitated transport systems that reg- 
ulate traffic of those ions.‘ These drugs 
are presumed to work by directly or 
indirectly modifying one or more of 
these ionic transport mechanisms in 
the RPE through inhibition of car- 
bonic anhydrase (or possibly, as Fish- 
man et al have suggested, through in- 
hibitory effects on glutamyltrans- 
ferase, which is found in RPE and 
retinal capillary endothelium). For a 
drug to work, it must have a substrate. 
Thus, disease that severely damages 
the RPE (or capillary endothelium) 
may actually preclude a therapeutic 
effect from carbonic anhydrase inhib- 
itors by disabling the very transport 
systems that would be activated by the 
drug. In other words, these drugs may 
be most effective when the RPE (or 
possibly capillary endothelium) is 
functional and can increase its fluid 
transport capability to lessen the 
edema. 


Report of a Case.—A 41-year-old man 
noted decreased visual acuity in the right 
eye of several weeks’ duration. There was no 
history of concomitant ocular or medical 
disease. Visual acuity corrected to 20/30 OD 
and 20/15 OS. The ocular examination was 
unremarkable except for the fundus. There 
were nasal disc drusen in each eye but oth- 
erwise the discs, vessels, and retinal periph- 
ery were normal. The left macula was nor- 
mal. The right macula had a glistening 
epiretinal membrane that partially spared 
the foveola (Fig 1). There were no RPE ab- 
normalities visible. Fluorescein angiogra- 
phy showed some vascular tortuosity in the 
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Fig 1.—Photograph of the right macula show- 
ing an annular epiretinal membrane that largely 
spares the fovea. 





Fig 2.—Late-phase angiogram of the right 
fovea showing intense petaloid staining. 





Fig 3.—Late-phase angiogram after 19 days 
of methazolamide therapy; the cystoid edema 
is markedly reduced. 


region of the membrane and marked CME 
in the right fovea (Fig 2). The patient was 
observed for 2 weeks, during which time 
there was no change; treatment with 50 mg 
of methazolamide twice a day was then be- 
gun. On reexamination 19 days later, cor- 
rected visual acuity had improved to 20/20 
OD and the CME was largely resolved 
(Fig 3). 

Attempts to discontinue the drug sug- 
gested that methazolamide was responsible 
for the visual improvement. The patient 
tried halving the dosage to 50 mg daily, but 
visual acuity promptly decreased; it im- 
proved within 1 day of restoring the higher 
dosage. Gradually during several weeks the 
patient reduced his dosage to 50 mg daily, 
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but discontinuing the drug caused visual 
deterioration within 2 days; visual acuity 
returned rapidly when medication was re- 
instated. The patient finally reduced the 
dosage, in small steps to one fourth of a 
tablet daily, but he has failed in several at- 
tempts to stop taking the drug completely. 
Apparent benefits from low doses of car- 
bonic anhydrase inhibitors have been noted 
previously.’ 


Comment.—Cystoid macular edema 
is a recognized occasional concomitant 
of epiretinal membranes,’ and is usu- 
ally ascribed to leakage from retinal 
vessels. To our knowledge, CME from 
this disorder has not previously been 
reported to be responsive to a carbonic 
anhydrase inhibitor. Epiretinal mem- 
branes are not usually associated with 
RPE changes and this patient did not 
show any RPE abnormalities oph- 
thalmoscopically or angiographically. 
Thus, the success in treating CME in 
our patient with methazolamide is 
consistent with the hypothesis that 
the drug acted through a facilitation of 
transport across a functional rather 
than diseased RPE, and the functional 
status of the RPE (or possibly of the 
retinal capillaries) may be more criti- 
cal than the source of the fluid leakage 
in understanding the effectiveness of 
this mode of therapy. 

Clearly, the effectiveness of carbonic 
anhydrase inhibitors in individual 
cases, and in individual diseases, will 
depend on the degree to which fluid re- 
moval is facilitated relative to the in- 
tensity and source of fluid leakage. 
These drugs may fail to clear edema 
from a retinal vascular source if the 
leakage is more severe than can be 
balanced by a modest increase in RPE 
transport or if there is subtle RPE 
dysfunction. One or both of these situ- 
ations may apply in cases of diabetic 
macular edema, which apparently does 
not respond well.? There may also be 
some disorders of the RPE that do re- 
spond because the ionic transport sys- 
tems are not specifically damaged or 
the retinal capillaries help to clear the 
fluid. 

Many more cases must be studied 
and described before we can resolve 
the question of how carbonic anhy- 
drase inhibitors act on CME. This re- 
port of a single case should not be con- 
strued as proof of my hypothesis, but 
simply as the suggestion of a new and 
perhaps clinically useful way of think- 
ing about the action of these drugs. 

MICHAEL F. MARMOR, MD 
Stanford, Calif 
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Leiomyosarcoma Metastatic to 
the Orbit 





Leiomyosarcomas, malignant smooth- 
muscle tumors, are rare in the orbit. 
Ten cases of primary leiomyosarcoma 
have been reported in the literature.' 
Of these, three appeared after irradia- 
tion for retinoblastoma. We believe 
this to be the first report of a leiomy- 
osarcoma metastatic to the orbit. 


Report of a Case.—A 71-year-old man 
with metastatic leiomyosarcoma presented 
with a left orbital mass. The patient first 
manifested leiomyosarcoma 3 years earlier, 


presenting with scalp and abdominal skin 
lesions. One year later, he presented with a 
popliteal mass. Subsequent computed to- 
mography of the chest revealed metastatic 
pulmonary disease. Despite five courses of 
doxorubicin hydrochloride, ifosfamide, and 
dacarbazine therapy, he had numerous re- 
currences of cutaneous lesions. He now 
presented with a firm mass beneath his up- 
per left eyelid that had developed gradually 
over 5 months, causing no visual impair- 
ment. On examination, extraocular move- 
ments were full, and there was no inflam- 
mation. Visual acuity was 20/25 OU, and 
intraocular pressure was 18 mm Hg. Com- 
puted tomography revealed a 1.5-cm, round 
mass between the globe and the bony wall 
of the anterolateral orbit, adjacent to the 
lacrimal gland. The tumor was removed 
through an incision in the upper lid, leaving 
the orbital tissue and functional lacrimal 
gland intact. The patient died of pulmonary 
complications 1 year later, without further 
orbital disease. 

Pathologic examination of the tumor 
showed it to be fleshy and yellow, measur- 
ing 1.8 X 1.3 X 1.3 cm. Light microscopy re- 
vealed a heterogeneous collection of in- 
terweaving cells with pleomorphic, hyperc- 
hromatic nuclei. Both epithelioid and 
elongated cells were noted. Nucleoli were 
prominent, while mitotic figures were 
scarce. Vascular channels lined by tumor 
cells and areas of hemorrhage were present, 
reminiscent of a hemangiopericytoma (Fig 
1). Immunohistochemical studies were pos- 
itive for vimentin and actin, and negative 
for desmin, keratin, and $100. Electron mi- 
croscopy revealed nuclei with rounded ends 
and indentations, many cytoplasmic fila- 
ments and dense bodies of filaments, nu- 
merous mitochondria and pinocytotic vesi- 
cles, plaquelike junctions, and a basal lam- 
ina surrounding cells (Fig 2). 


Fig 1.—Biopsy specimen illustrates pleomorphic, hyperchromatic nuclei and vascular pattern of 
the tumor (hematoxylin-eosin, original magnification X 200). 
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plaquelike intercellular junctions (open arrows) (original magnification X42 000). 


Comment.—Leiomyosarcomas are 
rare and are most often seen in the 
uterus. They occasionally develop at 
the muscularis of the gut or media of 
blood vessels. This case is particularly 
interesting because the initial presen- 


tation was cutaneous, a rare occur- 
rence, with subsequent metastasis to 
the orbit, an event not described pre- 
viously. It is also noteworthy that, on 
light microscopy, the orbital lesion 
appeared more benign than the earlier 
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cutaneous lesions, resembling more 
leiomyoblastoma or hemangioperic: 
toma. Combined histologic, immuni 
histochemical, and ultrastructur; 
features generally determine diagno 
sis. 

The prognosis for patients with le 
omyosarcoma is poor. Jakobiec et a 
note that even a few mitoses i 
smooth-muscle tumors are cause fo 
concern. In this case, the earlier le 
sions had numerous mitoses, whil 
this orbital metastasis had few, al 
though the nuclei of the latter wer 
pleomorphic. Because of their cohesiv 
growth and minimal infiltrative be 
havior, leiomyosarcomas of the gas 
trointestinal tract or uterus are nor 
mally removed surgically. Howeve1 
because of their friability and lack o 
encapsulation, orbital leiomyosarco 
mas may be difficult to remove com 
pletely. This may lead to local and dis 
tant recurrences. In cases of primar 
orbital leiomyosarcoma without evi 
dence of metastases, Jakobiec et al 
suggest orbital exenteration. 

JEFFREY B. MINKOvITz, MD 
G. RICHARD DICKERSIN, MI 
RICHARD L. DALLOw, MD 
DANIEL M. ALBERT, MD 
Boston, Mass 


1. Meekins BB, Dutton JJ, Proia AD. Primary) 
orbital leiomyosarcoma. Arch Ophthalmol 
1988;106:82-86. 

2. Jakobiec FA, Howard GM, Rosen M, Wolff M 
Leiomyoma and leiomyosarcoma of the orbit. Am 
J Ophthalmol. 1975;80:1028-1042. 
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IN ANCILLARY ROOM 
EFFICIENCY: 


When the OMNI 360 Rotary Examination Center was first 
introduced, it was viewed as an innovative luxury. 
But today, with the soaring cost of office space 
and technician salaries, this exceptionally 
time & space efficient system has become a 
welcome necessity. 
Rather than having to move from one 
testing station to another, the OMNI 360 
y allows your patient and technician to 
remain seated in one place, while any 
of four instruments is quickly rotated 
and locked into position between 
them. What's more, your entire 
pre-test lane will occupy a mere 
48 square feet! Add to that its 
computer-age styling that builds 
patient confidence and enhances 
any office setting, and we think 
you ll agree that OMNI 360 repre- 
sents a solid investment that will 
continue to pay profitable dividends. 


OMNI 360 


A revolutionary idea whose time has come. 


isell diversatronics, 226 West Penn Street, Norristown, PA 19401 
Call toll-free: (800) 523-0265. In Pennsylvania call: (215) 277-5220 
Distributed exclusively in Canada by AM Ophthalmic. © 1990 
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This is the second in a series of three articles on projects involved 
in the development of cataract management guidelines. 


Johns Hopkins Outcome Study for Cataract Management 


Baltimore, Md. —The Cataract Patient Outcome Research 
Team (PORT) Study being conducted at Johns Hopkins Uni- 
versity is designed to gather data to answer many of the 
questions raised by the practice guideline development pro- 
cess, explained Alfred Sommer, MD, coprincipal investigator 
for the study and Dean of the Johns Hopkins University 
School of Hygiene and Public Health. 

Sommer, who is also chairman of the Quality of Care Com- 
mittee of the American Academy of Ophthalmology (AAO), 
serves on both the Panel on Functional Impairment Due to 
Cataract in the Adult Eye of the Office of the Forum for 
Quality and Effectiveness in Health Care’ and the committee 
of the AAO that developed preferred practice patterns for 
cataract management. 

While developing preferred practice patterns for the AAO, 
Sommer noted that, “We saw quite clearly that there is no 
data for many of the issues concerning cataract management. 
The PORT project is an effort to try and fill in some of the 
major gaps.” 

One component of the PORT study is to attempt to answer 
some of the questions that arose as a result of developing 
preferred practice patterns on a representative basis for the 
entire United States. That is being done by using the real-life 
experience of every Medicare patient undergoing cataract 
surgery under the Medicare program, Sommer explained. 
“The Medicare database will allow us to follow every patient 
who is operated on in 1987, for example, to see if something 
was done to them subsequently that would suggest a compli- 
cation. We can then look at major complications that might 
follow surgery.” 

“The strength of this kind of analysis comes from the very 
large numbers of patients who can be followed. The patients 
represent what is actually happening in the United States. 
We are not looking at only the results of one or two or three 
surgeons who happen to have very good results and write 
them up in the medical literature,” Sommer said. 

The second component of the PORT study will look at the 
actual visual outcome of patients, ie, how that relates to the 
patients’ preoperative workup, the initial reasons the patient 
wanted to have surgery, and the type of cataract procedure 
that was performed. “The only way to learn that is by actually 
interviewing patients prior to surgery and asking them why 
are they having their cataract surgery and what they hope to 
get out of it,” Sommer said. 

The visual outcome research component of the PORT study 


Michael D. Springer, Section Editor 
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would be limited to perhaps 1000 patients in three to five 
different geographical sites and a large number of ophthal- 
mologists. “Since different ophthalmologists do things differ- 
ently, we will look for epidemiological associations between 
the kinds of things some ophthalmologists do—either an in- 
tensive preoperative workup or a less intensive preoperative 
workup, one particular approach to cataract surgery versus 
another, one approach to postoperative follow-up compared 
to another, how frequently they see their postoperative pa- 
tients, and whether they see the patients themselves or have 
optometrists or somebody else see them. We will be able to 
identify which procedures give the best outcomes. Presum- 
ably, once we actually have filled in some of the missing data, 
the guidelines will be rewritten,” Sommer said. 

“We’re not doing a controlled clinical trial. We’re not ran- 
domly allocating people to one type of cataract procedure 
versus another to prove which is better. We are simply trying 
to see whether the different approaches make any difference 
to the outcome. The idea is not to say necessarily that one 
procedure is the procedure of choice. It may well be that 
alternative procedures offer alternative advantages and dis- 
advantages. But, on the other hand, it may well be that some 
approaches, in fact, don’t yield as good results as other ap- 
proaches. It is also conceivable that some things that are done 
do not necessarily contribute to a successful outcome and are 
therefore unnecessary. 

“It is important to note that the guidelines developed by the 
study simply represent the general state of knowledge at this 
particular time. The guidelines do not preclude, or in any way 
prevent, the evolution or development of newer and im- 
proved approaches. Everyone recognizes that medicine 
needs to advance continually. The guidelines are not going to 
set cataract surgery and its approaches forever in stone. It’s 
simply going to say, given what we presently do in the com- 
munity and what we can learn from that, these guidelines 
seem to be the most appropriate way to go about the manage- 
ment of cataracts.” 

After the new data are reviewed and the guidelines are 
updated, the next step in the process is to disseminate the 
guidelines and educate ophthalmologists and others involved 
in eye care on the new, improved version of the guidelines, 
Sommer explained. “Ultimately, we hope to measure what 
impact, if any, producing these guidelines and setting them in 
motion has on the way cataracts are being managed.” 

JULIE FOREMAN 


1. Foreman J. Federal agency to develop cataract management guidelines 
by January 1991. Arch Ophthalmol. 1990;108:1391. 
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Book Reviews 


Edited by Daniel M. Albert, MD 


Retinal Detachment Surgery, 2nd 
ed, by A. H. Chignell, 162 pp with illus, 
New York, NY, Springer-Verlag NY Inc, 
1988, $72.50. 


This beautifully illustrated book 
contains a wealth of information about 
retinal detachment surgery if the 
reader is willing to dig a bit to find it. 
The need to dig is prompted by the 
awkward organization of the material. 
The author has chosen to divide the 
book into five chapters, which take the 
reader through introductory material, 
the preoperative examination, opera- 
tive planning, surgical procedures, and 
postoperative management of retinal 
detachment. This is all well and good 
until one realizes that a particular 
clinical problem, such as proliferative 
vitreoretinopathy, is scattered in 
pieces throughout the book and the 
reader’s attention is continually 
jarred by abrupt changes in clinical 
subject. 





“é“ 


.a wealth of informa- 
tion...if the reader is willing to 
el 


The book would be far more valuable 
if there were a single chapter on a par- 
ticular clinical problem, such as pro- 
liferative vitreoretinopathy, and the 
definition, classification, clinical de- 
scription, histopathology, findings on 
examination, surgical management, 
and complications were all covered se- 
quentially. Such organization could 
have been applied to individual chap- 
ters on lesions predisposing to pre- 
rhegmatogenous retinal detachment, 
retinal breaks, simple retinal detach- 
ments, complicated retinal detach- 
ments, and so on. It is unfortunate that 
much of this material is actually 
present and adequately covered but is 
just not conveniently organized. 

Another serious defect is the rela- 
tively casual manner with which the 
book treats pars plana vitrectomy sur- 
gery. This revolutionary change in the 
management of complicated retinal 
detachments is not adequately pre- 
sented. Whereas meticulous, superb 
description and illustration are used 
on the subject of all variations of 
scleral buckling surgery, including in- 
travitreous gas injection, not one il- 
lustration is included and no compre- 
hensive description covers the all-im- 
portant field of vitrectomy for retinal 
detachment. Only indications for vit- 
rectomy are covered. This must be 
remedied in a future edition. Also, 


more attention should be paid to the 
many typographical errors in the text. 

I would like to comment on state- 
ments not adequately emphasized or 
with which I disagree. The very best 
examination of fundus periphery with 
indirect ophthalmoscopy and scleral 
depression is obtained in eyes with 
retinal detachment at the time of sur- 
gery, not preoperatively. I reeommend 
that this be done for 360° in every op- 
erated eye. At the time of surgery, the 
surgical assistant can stabilize and 
slightly proptose the eye by pulling 
forward on two opposing rectus muscle 
sutures and the patient has no discom- 
fort because of anesthesia. Preopera- 
tively missed retinal breaks can often 
be visualized in this manner. 

If the retinal detachment in the area 
of a retinal break is too highly elevated 
to treat with cryopexy, it is only nec- 
essary to freeze a generous area of the 
choroid underlying the break. The end 
point for a choroidal freeze is a yellow 
change of the choroid and pigment 
epithelium. Although it may be theo- 
retically advantageous to freeze the 
elevated retina too, it is not clinically 
necessary to get cryoadhesion of the 
retina to the choroid. I do not agree 
with the author’s recommendation to 
drain subretinal fluid and inject air 
into the vitreous to decrease the height 
of the retinal detachment so that the 
retina itself can be frozen and the 
breaks more easily localized. This 
makes for a prolonged soft eye, which 
presumably is prone to choroidal hem- 
orrhage. 

Unlike the author, I feel it is very 
convenient and safe to drain subreti- 
nal fluid wnder the external buckling 
element because simply tightening the 
mattress sutures overlying the buck- 
ling closes the perforation site without 
the need for suturing it. Having the 
drainage site away from the buckle 
leaves it closed only by a suture, and 
tightening the buckle subjects this 
important closure to possible leaking 
or rupture. 

Finally, a retinal break highly ele- 
vated on a bullous retinal detachment 
is magnified larger than life and looks 
more difficult to manage than if the 
same break were not so highly ele- 
vated. 

To summarize, in most instances, 
this book covers its subjects very well, 
but some aspects of the text (especial- 
ly its organization) could certainly be 
improved. 

ARNOLD KROLL, MD 
Boston, Mass 
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Ophthalmology Clinics of North 
America, volume 2, Practical Laser 
Surgery, 137 pp with illus, edited by 
Wayne F. March, Philadelphia, Pa, WB 
Saunders Co, December 1989, $31. 


The December 1989 edition of Oph- 
thalmology Clinics of North America, 
entitled Practical Laser Surgery, pre- 
sents a well-written, concise, basic re- 
view of current laser techniques in 
ophthalmology. The editor hoped to 
provide a manual “to help the general 
ophthalmologist know which patients 
in his or her practice would benefit 
from a laser procedure.” The text is 
divided into 11 short, referenced chap- 
ters and a glossary covering the basic 
principles, applications, and research 
results of laser therapy in glaucoma, 
synechialysis, capsulotomy, vitreoret- 
inal disorders, macular degeneration 
and histoplasmosis, diabetic retinopa- 
thy, uveal melanoma, ophthalmic plas- 
tic surgery, corneal surgery, and fil- 
tration surgery. The international con- 
tributors to the book are acknowledged 
experts in their fields. 





“..a readable, concise manual 
for the novice in laser treat- 
ment...” 





Practical Laser Surgery succeeds in 
providing a quick reference for estab- 
lished laser protocols recommended in 
the ophthalmic literature and Macular 
Photocoagulation and Diabetic Retin- 
opathy Studies. The chapters that in- 
clude some of the new techniques in- 
volving plastic surgery, keratomileu- 
sis, and filtration surgery are an 
interesting and exciting update for the 
general ophthalmologist. A justifiably 
careful emphasis is placed on the pre- 
operative evaluation, postoperative 
care, and potential complications of 
many procedures. Several helpful 
hints for the novice are explained. Im- 
portant guidelines on reasonable pa- 
tient and physician goals for some of 
the more common procedures are in- 
ferred or stated. Specific techniques 
are best described for glaucoma and 
macular degeneration, but are notice- 
ably lacking for synechialysis and dia- 
betic retinopathy. For these conditions 
I recommend that the beginner seek 
additional information. 

The book is not without printing 
errors; the reader is unfortunately 
distracted by 10 pages that are out of 
sequence in two chapters. The illustra- 
tions vary considerably in quality and 
clarity. Information on the basic 
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principles of laser is somewhat redun- 
dant among chapters. There is no dis- 
cussion of the indirect laser ophthal- 
moscope. 

Practical Laser Surgery is a read- 
able, concise manual for the novice in 
laser treatment and a very good up-to- 
date reference of the wide variety of 
multisubspecialty techniques for the 
general ophthalmologist. As intended 
by its editor, it does help to identify 
patients who might benefit from laser 
therapy, both established and state of 
the art. It admittedly is not meant to 
be all inclusive, however, and addi- 
tional reading is advised for those at- 
tempting any procedure for the first 
time. 

Lory SNADY-McCoy, MD 
Providence, RI 


Optica Oftalmologia, by Edward 
Grom, 645 pp, Caracas, Venezuela, Bo- 
letin Instituto Nacional de Oftalmologia, 
Edicion Especial, 1989, $30. 


This is the eighth book written by 
Professor Grom in Spanish and it il- 
lustrates his ability to teach a very 
difficult subject within the confines of 
the written word. The book is divided 
into three main sections. The first 
deals with basic optics. It reviews the 
mathematical principles of optics and 
contains superb illustrations to help 
the reader follow the stated principles. 


“...a superb textbook covering 
many aspects of optics...” 


The last two chapters of this section, 
covering color and lasers, are a wel- 
come addition to a book on optics. The 
second section of the book is primarily 
concerned with a discussion of physio- 
logic optics. It thoroughly discusses 
the optical properties of the human vi- 
sual system. Chapter 23 summarizes 
the development of the human visual 
system from gestation through the 
first 8 years of life. Chapter 24 is spe- 
cifically written for students of optics. 
It reviews 20 problems in optics, taking 
readers through the necessary steps to 
reach the answers. The third section of 
the book covers clinical refraction and 
includes many of the “clinical pearls” 
or management suggestions for prac- 
titioners. Chapter 35 explains 20 prob- 
lems that are examples of those likely 
to be found on an oral board examina- 
tion. 

In summary, this is a superb text- 
book covering many aspects of optics 
for the ophthalmologist. I highly rec- 
ommend it, especially to those readers 
fluent in Spanish. 

EDUARDO ALFONSO, MD 
Miami, Fla 
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Glaucoma: A Colour Manual of Di- 
agnosis and Treatment, by Jack J. 
Kanski and James A. McAllister, 152 pp 
with illus, Stoneham, Mass, Butterworths, 
1989, $75. 


The first edition of Glaucoma by 
Kanski and McAllister is an excellent 
introduction to the broad field of glau- 
coma. It includes excellent color illus- 
trations and representative photo- 
graphs of the clinical conditions that 
make up this specialty. The salient 
features of each condition are clearly 
indicated, making this book a valuable 
asset to both the beginning student of 
glaucoma and the seasoned clinician 
wishing to maintain familiarity with 
the state of the art. 


“ .. a valuable asset to both the 
beginning student of glaucoma and 
the seasoned clinician...” 


The chapters on surgical technique 
are also well illustrated and succinctly 
written. The discussion of complica- 
tions associated with some of the more 
recent innovations in glaucoma sur- 
gery are somewhat cursory, perhaps 
reflecting the generally limited expe- 
rience and follow-up of the field with 
these techniques. The references are 
complete and up to date, emphasizing 
practical and landmark publications, 
which, in turn, provide an introduction 
to more extensive exploration for the 
interested reader. 

The authors remain true to their 
goal of providing a systematic practi- 
cal and detailed approach to the diag- 
nosis and treatment of glaucoma in its 
various forms. They have made a valu- 
able contribution to education in oph- 
thalmology in general and glaucoma in 
particular. 

Douc Scott, MD 
Boston, Mass 


Retinitis Pigmentosa: Patients’ 
Fight for Sight, Advances in the Bio- 
sciences, volume 63, edited by F. Burns- 
mann and R. von Gyzucki, 279 pp with il- 
lus, Elmsford, NY, Pergamon Press Inc, 
1988, $94. 


This book contains a collection of 
lectures presented at the Fourth Con- 
gress of the International Retinitis 
Pigmentosa Association that convened 


“The scientific chapters have 


been written primarily for a lay 
audience.” 


in Bad Nauheim, West Germany, in 


May 1986. These essays describe ef- 
forts by patients with retinitis pig- 
mentosa (RP) to promote research on 
their own disease. Technical aids for 


gaining autonomy, therapeutic possi- 
bilities, genetics, aspects of living with 
RP, and the RP societies and their role 
in promulgating RP research are a few 
of the topics covered. 

Several issues presented in this edi- 
tion should be considered as para- 
digms in the attempt to find a treat- 
ment for any medical disorder. One 
such example is the establishment of a 
screening center for patients with RP 
in which information regarding these 
patients is recorded. Another essay 
stressed the importance of cooperation 
between patients and researchers in 
establishing an effective research pro- 
tocol. 

In the chapter entitled “Methods for 
Monitoring Treatment in Retinitis 
Pigmentosa,” the statement that the 
electroretinogram is unsuitable for 
monitoring RP in far advanced cases is 
incorrect at present. Electroretino- 
gram amplitudes less than 10 uV were 
long thought to be in the nonrecord- 
able range. Now, with computer aver- 
aging and band-pass filtering, the elec- 
troretinogram can be evaluated to an 
amplitude as low as 0.05 uV. I believe 
that this advance will be critical in the 
monitoring of treatment modalities 
for retinal degenerations in the future. 

The scientific chapters have been 
written primarily for a lay audience. 
Three topics that are discussed in some 
detail are animal models of RP, trans- 
plantation of retinal pigment epithe- 
lium cells, and molecular genetics re- 
search. In recent years, transplanta- 
tion of retinal pigment epithelium 
cells has been successfully used to alter 
the progression of disease in the Royal 
College of Surgeons rat. The reader 
should be aware that, at present, the 
Royal College of Surgeons rat may not 
be a model of human RP. One of the 
most important issues that the volume 
brings to the reader’s attention is the 
need for defining hereditary retinal 
degeneration by isolating the genes 
that cause these conditions. The recent 
localization and isolation of a gene for 
an autosomal dominant form of RP is 
the culmination of a successful com- 
bined effort among patients, research- 
ers, and the international RP commu- 
nity. 

In summary, this book is a good re- 
source for patients, their ophthalmol- 
ogists and other physicians, and scien- 
tists who are involved in RP research. 
Although somewhat outdated, it pro- 
vides a basis for understanding the di- 
rection that care of patients with RP is 
taking and knowing where RP re- 
search is heading in the years to come. 

ELIAS REICHEL, MD 
Boston, Mass 
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Questions and Answers 
Edited by Stewart Mackay Wolff, MD 


The rapid and complex advances in ophthalmic science make it 
difficult to stay abreast of the many changes that are occurring in 
our specialty. The ARCHIVES solicits your questions, therefore, and 
requests that they be clearly stated and reasonably focused. Names 
of submitters will be published if the authors wish. Please limit your 
questions to six double-spaced lines and follow the guidelines put 
forth in our Instructions for Authors (readily found in any 
even-numbered issue of the ARCHIVES). A signed copyright trans- 
mittal letter to the AMA should accompany all submissions. Ques- 
tions should be sent to Stewart M. Wolff, MD, 11 E Chase St, Bal- 
timore, MD 21202. 


Effect of Lovastatin on Cataracts 


Q What is the effect of lovastatin on cataracts? 


Based on data from the National Registry of Drug- 
A Induced Ocular Side Effects (Portland, Ore), the Food 
and Drug Administration (FDA) (Washington, DC), per- 
sonal observation, and a recent double-blind parallel group 
study,' to my knowledge there is no evidence to date that 
lovastatin (Mevacor, Merck Sharp & Dohme, West Point, 
Pa) causes changes in the human lens. The National Reg- 
istry has had more than 50 reports or inquiries from oph- 
thalmologists who asked if the lens changes seen in their 
patients receiving lovastatin were drug-related. Several 
types of lens opacities were described, but no pattern was 
distinguishable from that due to aging, nor was a pattern 
indicative of a specific drug-related event evident. The pre- 
marketing data from the FDA and current adverse reports 
to the FDA agree with this, and are consistent with ex- 
pected lens changes in the general population. In 1984, I saw 
my first patients receiving lovastatin, and to date, I have 
followed up 188 patients taking this drug. They were ex- 
amined annually at the slit lamp (dilated pupil), and had 
Scheimpflug and retroillumination lens photographs. In 
this group, there is no evidence of lens opacities beyond 
those seen with normal aging. Moreover, in a study to be 
published of over 8000 patients followed up for 48 weeks, no 
difference in incidence of lens opacities was experienced by 
patients receiving lovastatin from those receiving placebo.! 
Lovastatin is now used by approximately 1.4 million pa- 
tients across the United States, but evaluation of potential 
cataractogenic agents is difficult in age groups that nor- 
mally develop lens changes. However, with these limita- 
tions in mind, there is little to indicate that lovastatin is a 
cataractogenic agent. 
F. T. FRAUNFELDER, MD 
Portland, Ore 


The author has no proprietary interest in the drug Mevacor or its man- 
ufacturer, Merck Sharp & Dohme. 


1. Laties AM, Keates EU, Taylor HR, et al. The human lens after 48 weeks 
of treatment with lovastatin. N Engl J Med. In press. 





Glaucoma Treatment and Pregnancy 


Q A 20-year-old white woman with severe glaucoma currently 
controls it with acetazolamide, pilocarpine hydrochloride, 
epinephrine hydrochloride, and timolol maleate and wishes to 
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have a child. What antiglaucomatous medications are safe to use 
during pregnancy? Would you operate on this patient’s glaucoma 
if allowable medications do not control her intraocular pressure 
(IOP)? 


Appropriate treatment for the patient under consid- 
A eration depends on the following conditions not men- 
tioned: precise diagnosis (primary, secondary, or other 
forms of glaucoma), stage of glaucoma and ease of control, 
and the intensity of risk factors for the progression of glau- 
coma vs the success of surgery (family history, race, etc). 

Women of childbearing age should be cautioned against 
conceiving while they are receiving carbonic anhydrase in- 
hibitors since these are known to be teratogenic. In con- 
trast, the other three classes of glaucoma medications—the 
miotics, sympathomimetics, and £-blockers—are not 
thought to be teratogenic in the doses used in ophthalmol- 
ogy (although 6-blockers should be used with caution, if at 
all, in nursing mothers). 

Pregnancy itself can affect IOP, and if glaucoma in the 
young woman under consideration had been controlled us- 
ing drops and a carbonic anhydrase inhibitor, it is possible 
that stopping the carbonic anhydrase inhibitor would not 
produce a loss of control. Furthermore, if the amount of 
optic nerve damage were minimal, it is likely that the pa- 
tient would be able to withstand mild-to-moderate eleva- 
tions of IOP for a period of 9 months, at which time it would 
be safe once again to resume the oral medication. It is 
surprising how frequently glaucoma medications may be 
stopped without the IOP rising. It would be prudent to make 
sure that the carbonic anhydrase inhibitor is really neces- 
sary in the patient under consideration; the same applies to 
the 6-blocker. Quite possibly, the patient could control her 
glaucoma on less medication than was earlier prescribed. 

On the other hand, the fact that the ophthalmologist was 
using carbonic anhydrase inhibitors suggests that the pa- 
tient had marked optic nerve damage that was known to 
progress without the use of the carbonic anhydrase inhib- 
itor. Moreover, should the woman wish to nurse her infant, 
she would not want to continue a 6-blocker eye drop, be- 
cause significant and potentially troublesome doses could be 
transmitted through breast milk to the infant. Conse- 
quently, the patient should discontinue using the carbonic 
anhydrase inhibitor during the pregnancy and then stop the 
8-blocker until she finished nursing. In a patient with severe 
optic nerve damage whose IOP rose when the §-blocker or 
the carbonic anhydrase inhibitor was stopped, it would be 
expected that progressive optic nerve damage would occur 
during the period in which full medical treatment was not 
being given. If these characteristics were present, specifi- 
cally in the case of severe primary open angle glaucoma that 
needed treatment with a carbonic anhydrase inhibitor to 
prevent worsening, then the performance of a filtration 
operation well prior to the onset of pregnancy is probably 
the most prudent course to follow. Indeed, if a 20-year-old 
person had such severe glaucoma that progression of the 


condition could only be prevented with carbonic anhydrase 
inhibitors, and the underlying diagnosis was a noninflam- 
matory open angle glaucoma, then a trabeculectomy is 
probably the treatment of choice, whether or not pregnancy 
is anticipated. 
GEORGE L. SPAETH, MD 
Philadelphia, Pa 
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News and Comment 


$10 Million Fund Created to Recruit 
Researchers.—A $10 million fund inau- 
gurated to avert a nationwide shortage 
of vision scientists was announced to- 
day by Lew R. Wasserman, chairman 
of Research to Prevent Blindness 
(RPB). The Research Career Develop- 
ment Fund will provide grants offered 
by RPB to more than 60 medical 
schools to assist them in attracting 
young physicians and basic scientists 
into eye research. Research to Prevent 
Blindness is devoted to mobilizing sup- 
port for eye research and making 
available essential laboratory space, 
equipment, scientific personnel, and fi- 
nancing for the investigation of blind- 
ing diseases. The Research Career De- 
velopment Fund will provide grants of 
$120000 each for the use of medical 
schools in attracting young people 
with MD and PhD degrees to pursue 
research in departments of ophthal- 
mology. The grants will be activated as 
quickly as qualified candidates are pre- 
sented to RPB for approval. 


Ocular Microbiology and Immunology 
Group Elects New Board of Directors.— 
The Ocular Microbiology and Immu- 
nology Group has elected the following 
to its board of directors: Gilbert Smo- 
lin, MD, Proctor Foundation, San 
Francisco, Calif, executive secretary; 
Jules L. Baum, MD, New England Med- 
ical Center, Boston, Mass, president; 
Mitchell Friedlaender, MD, Scripps 
Clinic, La Jolla, Calif, president-elect 
and treasurer; Denis M. O’Day, MD, 
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Nashville (Tenn) Medical Center, di- 
rector-secretary; Dan B. Jones, MD, 
Cullen Eye Institute, Houston, Tex, 
immediate past president. 


Lisa D. Kelly, MD, Joins Southern Illi- 
nois University School of Medicine.— 
Lisa D. Kelly, MD, has joined the fac- 
ulty at the Southern Illinois Univer- 
sity School of Medicine as assistant 
professor of ophthalmology. Dr Kelly 
completed 2 years of postgraduate 
training as a clinical fellow in corneal 
and external disease at Harvard Med- 
ical School in Boston, Mass. She com- 
pleted her ophthalmology residency at 
Stanford University Medical School in 
Palo Alto, Calif. 


New Publication Available.—Sound & 
Sight: Your Second Fifty Years, a new 
22-page booklet by The Lighthouse 
National Center for Vision and Aging, 
cautions people never to accept age- 
related hearing and vision losses as 
inevitable changes that cannot be 
treated. This booklet is meant to help 
people understand such losses and the 
particular problems that arise when 
both hearing and vision loss occur. 
Sound & Sight offers solutions to prob- 
lems caused by sensory changes and 
includes information about resource 
organizations and a glossary of terms. 
Sound & Sight can be ordered by writ- 
ing the National Center for Vision and 


Aging, The Lighthouse, 111 E 59th St, 
New York, NY 10022; telephone: 1-800- 
334-5497. The cost is $5, plus $3 ship- 
ping and handling. 


David A. DiLoreto, MD, Joins LSU Eye 
Center.—David A. DiLoreto, MD, has 
joined the Louisiana State University 
Eye Center as assistant professor of 
ophthalmology and director of the Or- 
bital and Oculoplastic Surgery Service. 
Dr DiLoreto is a graduate of the Uni- 
versity of Florida College of Medicine 
and completed his ophthalmology res- 
idency at Pacific Presbyterian Medical 
Center in San Francisco, Calif. He was 
a fellow at the University of British 
Columbia and, most recently, a visit- 
ing assistant professor at the Univer- 
sity of South Florida in Tampa. 





Obituaries 


JACOBS, Richard David, 33, West 
Bloomfield, Mich; University of Miami 
School of Medicine, 1982; residency, 
Henry Ford Hospital, 1986; certified by 
the American Board of Ophthalmol- 
ogy; died July 27, 1989. 

SKINNER, Scott W., 65, Peoria, Ariz; 
Hahnemann University School of 
Medicine, 1949; residency, Albany 
Medical Center Hospital, 1968; certi- 
fied by the American Board of Oph- 
thalmology; died May 20, 1990. 
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For millions of patients who use a lubricant 
ophthalmic solution, something is still missing. 


Nighttime therapy. 


Signs and symptoms of dry eye can actually worsen after a night’s sleep. Yet many 
patients with dry eye continue to endure itchy, scratchy, gritty eyes upon awakening, 
unaware of an ocular lubricant specifically formulated to relieve such symptoms— 
Refresh® PM. Eye Lubricant. cee Senses 








Refresh P.M. is a 3.5 g petrolatum-based ointment that provides safe,  MORSESI 
comfortable protection throughout the night. Just like regular Refresh, Refresh 
Refresh P.M. is 100% preservative-free. And that eliminates the iatrogenic C- PM. 
effects sometimes associated nt 


. L ® Eye Lubrica 
with chronic use of preserved X 
tear supplements. e OCS x > wiv 


So if your patients are miss- 
ing half of their dry eye therapy, Because care for dry eyes shouldn't 
tell them you found it. end just because the day does. 


Editorials 


Corneal Epithelial and Stromal Reactions 


to Excimer Laser Photorefractive Keratectomy 


I. Concerns Regarding the Response of the Corneal Epithelium 


to Excimer Laser Ablation 


rom the perspective of an epithelial cell biologist, 

I have several concerns regarding healing of the 
epithelium after excimer laser ablation for change of 
corneal refraction. 

One concern is the hyperplastic response of the ep- 
ithelium when a wound is made in the stroma. The 
preexisting curvature of the cornea is restored in such 
wounds by increased layers of epithelial cells.’ If 
such a response occurs after ablation, the optical ef- 
fect of the surgery would be unstable and would 
regress. Anecdotal statements by some investigators 
using laser ablation as a technique of refractive sur- 
gery indicate that if the edge of the area tapers grad- 
ually toward the deepest ablation zone, the hyper- 
plastic response does not occur. Such preliminary ob- 
servations need to be documented by careful animal 
studies. 

A second concern is that ablation of the anterior 
stroma removes the basement membrane and the an- 
choring fibril network, structures that are needed for 
tight adhesion of the epithelium to the stroma.’ After 
an ablation, the epithelium must resynthesize and 
assemble these structures.’ Two problems can arise 
during reassembly when anchoring structures are in- 
- complete. Early and repeated erosions with persistent 
` epithelial defects may occur because reassembly oc- 
curs in segmental fashion and takes time for comple- 
tion. Small segments of basement membrane with 
associated hemidesmosomes and anchoring fibrils 
appear initially. These segments elongate and a con- 
tinuous, reassembled adhesion complex is finally 
present 1 to 2 months after the keratectomy wound is 
made in rabbits‘ and 3 months in ablated monkey 
eyes.’ During this period, careful, frequent checks of 
the wound surface are necessary to determine if ero- 
sions have occurred. In addition, long-term suscepti- 
bility to late erosions could be a distinct possibility 
since we do not know if a reassembled anchoring fibril 
network penetrates as deeply as that found before 
wounding.’ 

Clarity of the ablation is a third major concern.’ 
Although the stromal cells are generally believed to 
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be responsible for resynthesis of matrix components 
of the stroma, it has recently been demonstrated that 
the epithelium deposits matrix components within 
the “fill-in” zone in the wound bed. The epithelium 
migrates quickly to cover the wound bed. As the ep- 
ithelium resynthesizes its adhesion structures (ie, 
basement membrane and anchoring fibrils), stromal 
cells also move into the zone beneath the epithelium 
and begin to resynthesize the stromal matrix. As a 
result, the epithelium is forced upward and it must 
abandon its original adhesion structures and resyn- 
thesize a new layer. This “trapping” of anchoring 
fibril collagen has been demonstrated in both rabbit 
keratectomy models’ and monkey ablation models.’ 
Does this material scatter light, producing haze 
within the stromal ablation zone? 

Finally, we must be aware of the unavoidable risks 
of infection, inflammation, and ulceration that any 
large epithelial defect carries. As yet, limited clinical 
experience has not shown such problems, but the in- 
cidence of healing problems must be documented in 
large-scale clinical trials prior to general use of the 
procedure. 

All these biologic issues are clinically pertinent in 
determining the long-term efficacy of the laser abla- 
tion technique as a method of refractive surgery. Our 
enthusiasm for this exciting laser-tissue interaction 
should not run too far ahead of an improved under- 
standing of the cornea’s response to this laser wound. 

ILENE K. GIPSON, PHD 
Boston, Mass 


Dr Gipson has no proprietary or commercial interest in any la- 
ser product, technique, or company involved with such. Further- 
more, Dr Gipson has no relatives, employers, partners, or business 
associates with any of these interests. Dr Gipson does receive re- 
search support from General Electric Co for studies of epithelial- 
ization of biopolymers, some of which are laser ablated. 
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II. Unpredictable Corneal Cicatrization 


ape recent use of lasers as a surgical tool in 
ophthalmology has demonstrated the importance 
of healing to obtain the desired outcome. Since the 
basic response of wounded tissue is to repair the de- 
fect, the surgeon is confronted with a wound and 
healing phenomenon that alters the biochemistry, 
morphologic features, and tissue function unpredict- 
ably. Clearly, understanding this phenomenon is of 
utmost importance. 

Several studies have shown that the 193-nm argon 
fluoride excimer laser discretely removes corneal tis- 
sue by photoablation without thermal damage to sur- 
rounding tissue.’ Ultrastructural analysis of the 
walls of the ablated areas shows damage to the adja- 
cent structures confined to a 60- to 200-nm-wide zone.” 
Nonpenetrating incisions reaching within 40 um of 
Descemet’s membrane result in endothelial cell loss 
beneath the line of irradiation.'* Corneal ridging, ep- 
ithelial cell damage, stromal swelling, and difficulty 
in making incisions to predictable depths are reasons 
for caution in human application.’ Standard ultra- 
structural analyses indicate that each laser pulse re- 
moves discrete quantities of tissue, leaving clean-cut 
collagen fibrils. However, no information is available 
on the effect of ablation on quantities of proteogly- 
cans and interfibrillar type VI collagen, macromolec- 
ular stromal components that may be important for 
transparency and strength.*” 

The tissue-healing response following excimer la- 
ser vhotoablation appears to depend on the nature of 
the damage.* Photoablation under conditions in which 
undulating stroma and uneven cutting occur results 
in poor epithelial healing, with irregular basal lamina 
and hemidesmosome formation, and elicits extensive 
stromal cell invasion. On the other hand, smooth ab- 
lation of the tissue results in rapid regeneration of 
epithelial components and minimal cellular response 
from the stroma. In rabbits, endothelial response to 
anterior stromal ablation results in the appearance of 
electron-opaque material in Descemet’s membrane 
and immunohistochemical evidence of basement 
membrane components in the posterior stroma.** The 
major response to rabbit corneal ablation is the dep- 
osition of new connective tissue under the epithe- 
lium.” 
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creased penetration of anchoring fibrils into the diabetic stroma. 
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laser large area ablation of the cornea. Invest Ophthalmol Vis Sci. 
1987;28(suppl):275. 

8. Tuft S, Zabel R, Marshall J. Corneal remodeling following an- 
terior keratectomy. Invest Ophthalmol Vis Sci. 1988;29(suppl):310. 

9. Geiss MJ III, Fantes E, SundarRaj N, et al. Healing of exci- 
mer laser ablated monkey corneas: an immunohistochemical eval- 
uation. Invest Ophthalmol Vis Sci. 1989;30(suppl):189. 


Rabbit corneas are known to respond vigorously to 
wounds by synthesizing scar tissue. However, higher 
vertebrates, such as humans and monkeys, are more 
sluggish in healing. Nevertheless, monkeys respond 
to photorefractive ablation of anterior cornea by de- 
positing an extracellular matrix," suggesting that 
humans may respond similarly (Nirmala SundarRaj, 
PhD, written communication, April 17, 1990). Recent 
studies show that photorefractive keratectomy in 
monkeys results in deposition of scar tissue with sub- 
sequent tissue clearing within months after 
treatment.” This rapid change in scar opacity may 
be due to the minimal quantities of tissue removed, 
the uniform surface of the stroma, and the rapid ep- 
ithelial movement over the denuded area, offering an 
environment in which invading stromal cells are 
guided into the defect to deposit extracellular matrix 
without complications. Because the healing process 
partially recapitulates some morphologic and bio- 
chemical events seen in normal corneal morpho- 
genesis,‘ scar tissue undergoes remodeling to become 
less opaque.” However, the unpredictability of the 
final refraction after photorefractive keratectomy 
may be related to the biologic variability in scar 
remodeling.” The addition of a new matrix to replace 
the ablated region does not completely fill in the de- 
fect, and the extent of replacement is as yet unpre- 
dictable. 

Corneal stromal wounds are repaired by the depo- 
sition of scar tissue by fibroblasts. Understanding the 
mechanisms by which fibroblasts contribute to wound 
healing is important for the development of pharma- 
cologic agents that could alter the healing process. 
Various stages of scar formation, such as activation 
and migration of stromal cells, cell proliferation and 
orientation, and synthesis of extracellular matrix 
proteins and the remodeling process, have been tar- 
geted for pharmacologic manipulation to alter the 
repair of tissue. However, these attempts have been 
crude and largely ineffective. The recent use of ste- 
roids to discourage fibroblast invasion of the wound 
may, nevertheless, be useful. It is possible that delay 
of stromal cell invasion may provide the epithelium 
time to cover the defect and deposit its basal lamina 
components and anchoring fibrils. Subsequent release 


Editorials 


of stromal cells from steroid inhibition results in 
minimal migration, if any, due to the absence of tis- 
sue discontinuity. 

Excimer laser ablation of corneal tissue appears to 
be an efficient method to remove tissue with minimal 
damage to adjacent areas. Subsequent tissue healing 
does not seem to be impaired or altered. However, la- 
ser ablation of the tissue does not always heal to form 
a mechanically strong and transparent tissue. In ad- 
dition, in every instance, the extent of deposition of 
new tissue remains unpredictable. A deeper under- 
standing of scar formation is needed to predict and 
subsequently alter the healing process to a desired 
end. 

CHARLES CINTRON, PHD 
Boston, Mass 


The author has no affiliation with or financial involvement in any organi- 
zation or entity with a direct financial interest in the subject matter or ma- 
terials discussed in this editorial. 
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III. The Excimer Laser and Radial Keratotomy: 


Two Vastly Different Approaches for Myopia Correction 


E xcimer laser photoablation was first used clinically 
in ophthalmology to make semiradial and linear 
transverse excisions” in an attempt to improve tradi- 
_ tional diamond-knife radial keratotomy (RK). Tradi- 
tional diamond-knife RK, which is currently limited to 
correcting the visual acuity in eyes with less than 7.00 
to 8.00 diopters (D) of myopia, depends on corneal 
wound healing to achieve the final result.” Compared 
with diamond-knife incisions, excimer laser excisions 
create wider wounds because tissue is removed,’ pro- 
vide less control over wound depth, and increase the 
likelihood of endothelial cell rupture.’ Consequently, 
attention was directed toward wide-area lamellar stro- 
mal excision, so-called photorefractive keratectomy 
(PRK), in an attempt to achieve safe and more predict- 
able corneal flattening and myopia reduction." The re- 
sults of such studies and others‘ in human eyes, to- 
gether with the report in this issue,” provide 
preliminary information on the efficacy, predictability, 
and safety of the procedure. 

To become widely accepted, a refractive surgical 
procedure must predictably and permanently correct 
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refractive errors without risk of permanent visual loss. 
For PRK to become more widely accepted than RK, it 
must either enable the surgeon to correct more myopia, 
or, if restricted to similar ranges of myopia, it must 
provide more predictable visual results. In theory, cor- 
rections of up to 20.00 D are possible with PRK depend- 
ing on the depth and diameter of the excision. * Howev- 
er, deeper ablation is reported to increase the potential 
for corneal opacification,"” although others have ob- 
served corneal opacification, epithelial hypertrophy, 
and new collagen production in the base of the wounds 
in nonhuman primates after superficial ablations of 80 
to 120 um, but not at greater depths.” 

Refractive changes and initial corneal (keratometry) 
flattening exceeding 10 D has been reported in the early 
postoperative period,” but epithelial hyperplasia and 
suspected stromal remodeling (collagen production in 
the base of the wound) can reduce the achieved correc- 
tion.®™® In 19 sighted eyes treated with PRK, a mean 
refractive change of 5.50 D was achieved, with an SD of 
0.8 D,*" which is similar to the range of correction 
achieved with RK.” Among these eyes, only 12 (63%) of 
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19 were within 2.00 D of the intended refraction 3 
months after surgery, and only 9 (69%) of 13 were 
within one snellen line of their best corrected preoper- 
ative visual acuity.* Furthermore, as with RK, the 
correction achieved within the central cornea is not 
uniform and may vary as much as 4.00 D from one area 
within the zone of treatment to another." Wide differ- 
ences of as much as 6 D have occurred in the achieved 
refractive results compared with the attempted correc- 
tion.*" These results, while preliminary, are not dra- 
matically different than those reported with RK.” 

Technical difficulties in mechanical, optical, and mi- 
croprocessing techniques to control and deliver beam 
energy are currently being addressed’ to simplify 
delivery of an optically centered, homogeneous beam to 
a stationary globe. However, the basic parameters of 
energy delivery to produce predictable excisions (and 
subsequent refractive change) have yet to be estab- 
lished. How much tissue can be removed per pulse at 
various stromal depths? Is the wound healing response 
related to the total energy delivered, the depth of the 
excision, or both? How well can clinical and morpholo- 
gic changes be correlated with techniques when current 
voltmeters cannot accurately measure output energy 
beyond + 20%? What shape and/or diameter of ablation 
will produce the most predictable refractive results? 
Even when these questions are answered, the most 
critical one remains: How can the wound healing re- 
sponse be controlled to maintain the optical quality of 
the corneal surface and prevent scar formation, while 
allowing stable and predictable refractive results? 

Although many refractive procedures have been 
studied, few have been applied successfully in large 
numbers due to poor predictability, significant side 
effects, and/or poor or abnormal corneal wound heal- 
ing.” Photorefractive keratectomy promises precise tis- 
sue removal but holds an unknown, long-term risk of 
ultraviolet exposure as well as corneal opacification in 
the visual axis. While some corneas have remained 
crystal clear and the majority have exhibited clinically 
detectable but visually negligible stromal haze, others 
have exhibited clinically and visually significant stro- 
mal opacification.°"™" 

Current PRK results are very preliminary and are 
not unlike the early results of RK in 1980. There is no 
doubt that PRK can reduce myopia, but the perma- 
nence and long-term safety of the change is yet to be 
proved. It appears to be safe in the very short term, but 
again, RK complications, such as delayed wound heal- 
ing, progression of effect, late-onset bacterial corneal 
ulcers, and traumatic wound rupture, were only recog- 
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nized years after RK had been performed on a very 
wide scale. Consequently, cautious optimism is proba- 
bly the appropriate current direction relative to PRK. 


PERRY S. BINDER, MD 
San Diego, Calif 


The author has no commercial or proprietary interest in the ex- 
cimer laser or in any of the companies producing the laser. 

Reprint requests to the Ophthalmology Research Laboratory, 
Sharp Cabrillo Hospital, 3475 Kenyon St, San Diego, CA 92110 (Dr 
Binder). 
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Clinical Sciences 


The Influence of Prior Therapy 
on the Success of Trabeculectomy 


Michael J. Lavin, FCOphth; Richard P. L. Wormald, MSc, FCOphth; 
Clive S. Migdal, FCOphth; Roger A. Hitchings, FCOphth 


e The role of early surgery in the man- 
agement of primary open angle glauco- 
ma is under debate. To determine wheth- 
er previous medical therapy influences 
the outcome of subsequent trabeculec- 
tomy, we retrospectively reviewed the 
results of surgery in two groups of pa- 
tients. The first group underwent primary 
trabeculectomy, having had an average 
of 2 weeks of preoperative medical thera- 
py, and this group was compared with a 
group of patients who had received at 
least 1 year of topical glaucoma ther- 
apy before undergoing trabeculectomy 
(the multiple-treatment group). The two 
groups were similar in terms of a number 
of variables, including race, age, sex, 
presenting intraocular pressures, and 
presenting visual fields, and they dif- 
fered only in the known duration of their 
disease. The success rate of trabeculec- 
tomy was significantly higher in the pri- 
mary trabeculectomy group as compared 
with that in the multiple-treatment group 
(P<.001). We discuss the possible rea- 
sons for this difference and its implica- 
tions for the future management of pri- 
mary open angle glaucoma. 

(Arch Ophthalmol.  1990;108:1543- 
1548) 


T hree decades after Barkan’s state- 
ment that “miotics have caused 
more blindness in chronic simple glau- 
coma than surgery,” the preferred 
sequel of management of primary open 
angle glaucoma (POAG) still remains 
medical or laser therapy initially, with 
surgery reserved for cases that fail. 
Despite surgical advances, such as 
trabeculectomy, glaucoma surgery is 
still commonly regarded as a last re- 
sort and only offered after other meth- 
ods have failed. Although there is 
much interest in the matter of primary 
medical vs surgical treatment, the 
question of whether the outcome of 
surgery is influenced by previous topi- 
cal therapy has not been addressed. 
This study investigates the effect of 
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previous therapy on the outcome of 
subsequent glaucoma surgery. 


PATIENTS AND METHODS 


We studied two groups of patients with 
POAG treated at Moorfields Eye Hospital, 
London, England, under the care of a single 
ophthalmologist (R.A.H.). Patients with 
previous ocular surgery, other forms of 
open-angle glaucoma, or other ocular dis- 
ease were excluded. 

The first group consisted of patients who 
were undergoing primary trabeculectomy 
(PT) and comprised 47 eyes of 47 patients. 
These patients had been enrolled in a ran- 
domized, prospective trial that compared 
primary medical therapy, primary laser 
therapy, and PT’ in the management of 
POAG, and they had been enrolled into the 
study on first presenting to Moorfields Eye 
Hospital. They received preoperative glau- 
coma medication for periods ranging from 
nil to a maximum of 8 weeks while awaiting 
their surgery. All but one patient received 
2% pilocarpine hydrochloride eye drops 
during this period; one patient received 
timolol maleate. 

For comparison, a second group of 43 
eyes in 34 patients were identified retro- 
spectively. This multiple-treatment (MT) 
group comprised all patients on the glauco- 
ma unit who were undergoing a first trabec- 
ulectomy for POAG after having had a 
minimum of 1 year of continuous topical 
glaucoma therapy, with or without laser 
therapy. The trabeculectomies in this group 
were performed during the same time peri- 
od and by the same surgeons as those in the 
PT group. This group represented those 
patients with POAG with failed medical 
therapy. 

All patients underwent a standard 
Cairns-type trabeculectomy, without re- 
moval of the scleral spur. Following the 
insertion of a superior rectus suture, a 
limbal- or fornix-based conjunctival flap 
was raised, and the sclera was cleaned. 
Bipolar diathermy was used to establish 
hemostasis, and a rectangular scleral flap 
measuring approximately 4x3 mm and of 
approximately one-half scleral thickness 
was raised to the limbus. This was followed 
by the resection of a block of limbal tissue 
measuring approximately 3x1 mm to in- 
clude the trabecular zone, and a peripheral 
iridectomy was performed. The scleral flap 
was reapposed with one 10/0 nylon suture 
at each corner. The conjunctiva was closed 
with interrupted 10/0 nylon sutures. Topical 
antibiotics were instilled. All patients re- 
ceived 0.1% topical dexamethasone meta- 


sulfobenzoate eye drops four to six times 
per day postoperatively for a period of 4 to 
6 weeks. 

The presenting intraocular pressure 
(IOP) referred to the first recorded IOP. In 
all but five eyes, this referred to the IOP 
without treatment. The remaining five eyes 
in the MT group were measured with treat- 
ment. Visual field examination was carried 
out by using suprathreshold perimetry on a 
Friedmann Mark II perimeter. Visual field 
loss was graded as early (up to an isolated 
scotoma), moderate (more than an isolated 
scotoma, up to and including hemifield loss), 
or advanced (loss in both hemifields). It 
should be noticed that these criteria differ 
slightly from those in the primary treat- 
ment study, where each scotoma was count- 
ed to give a numeric score of field loss." 

Postoperative success was defined as an 
eye with an IOP maintained below 21 mm 
Hg with no additional therapy. Failure was 
defined as an eye with an IOP of 21 mm Hg 
or greater with no additional therapy. Pro- 
gressive disc or visual field changes were 
not used as a criterion of failure. This study 
only addressed the question of whether or 
not previous therapy affected the IOP 
control achieved by surgery. Patients 
who subsequently received antihyperten- 
sive therapy for the indication of visual field 
loss (one patient), or for ocular hyperten- 
sion after cataract surgery (one patient), 
were deemed to have ceased follow-up at 
that point. In these patients, the outcome of 
trabeculectomy was assessed by using the 
single criterion of IOP control. 

In the PT group, a total of five eyes were 
found to have had an IOP of 21 mm Hg or 
more at some point. In four of these eyes, 
this raised IOP was transient, being pres- 
ent for a single visit and not documented at 
repeated visits; these eyes were not classed 
as failures and have remained controlled 
without glaucoma therapy since. In one 
eye, the IOP remained elevated at several 
visits and was classed as a failure. 

In the MT group, a total of 18 eyes were 
found to have a raised IOP at some point; 
six of these eyes suffered transient pres- 
sure rises, lasting up to 8 weeks, that were 
not classed as failures. However, 12 eyes 
suffered persistent IOP rises, nine within 
the first 3 months and a further three at 18 
months of follow-up. 

As the operations were carried out 
throughout the same time period, the aver- 
age duration of follow-up for the two groups 
was the same. One patient in the PT group 
died 15 months after surgery; all other 
patients were followed up for a minimum of 
18 months. 
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Fig 1.—Scatterplot of intraocular pressures (IOPs) preoperatively and at 3 and 18 months 
postoperatively: primary surgery group (open circles) compared with multiple-treatment group 
(open triangles). The solid markers indicate the mean IOP values for each group, while the 
dotted lines indicate the 95% confidence interval for the mean IOP. At 3 months, the mean IOPs 
of the primary surgery group were significantly lower than those of the multiple-treatment group 
(P = .008). Additional failures occurred in the multiple-treatment group at 18 months. 
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Fig 2.—Percentage of successfully functioning trabeculectomies: primary surgery group (solid 
line) compared with multiple-treatment group (dotted line). There were significantly more 
failures in the multiple-treatment group by 3 months (P<.005) (asterisk), with additional failures 


by 18 months (P<.001) (triangle). 


The Mann-Whitney test was used for 


assessing the significance of the difference 
between the mean age and IOP values (Fig 
1) of the two groups. The y” statistic was 
used to test the distribution of all categoric 
variables. 

The success of surgical treatment in the 
two groups was analyzed by using two 
kinds of survival analysis, with failure de- 
fined as an eye in which the IOP rose 
consistently above 20 mm Hg in the absence 
of any hypotensive agents. Optic disc, visu- 


al field, and visual acuity criteria for surviv- 
al were not analyzed. 

Kaplan-Meier curves were drawn for the 
two groups and analyzed for the difference 
in probability of survival at 3, 12, and 18 
months with the log-rank (Mantel-Haens- 
zel) test (Fig 2). 

Cox’s proportional hazards regression 
analysis was used to assess multivariate 
influences on survival, and the entire data 
set (90 eyes) was modeled.” This analysis 
allowed estimation of the influence of indi- 
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vidual risk factors on survival of a function- 
ing filtration procedure. This model as- 
sumed an equal but unknown baseline 
hazard for each group and evaluated the 
influence of each variable entered into the 
model in the form of a hazard ratio at each 
failure time. SERC’ Egret package (Sta- 
tistics & Epidemiology Research Corp, Se- 
attle, Wash) for IBM-compatible microcom- 
puters was used to perform this analysis. 
For each term added to the model, the 
program iterated a goodness of fit of a fall in 
deviance in which statistical significance 
was assessed in the form of a likelihood 
ratio statistic. The program also calculated 
an associated probability value for the prob- 
ability that such a change in deviance could 
be attributed to chance alone. Hazard ratios 
themselves have SEs that allow a calcula- 
tion of their statistical significance. Hazard 
ratios are multiplicative in this model, 
which means that a ratio of 1 indicates no 
increased risk of failure, while a ratio of less 
than 1 indicates a protective effect, and a 
ratio greater than 1 indicates the number of 
times that the risk of failure is increased by 
a given regression term. The probability 
values quoted for each hazard ratio indicate 
the probability that such a risk ratio could 
be attributed to chance alone. 

A hierarchic method of modeling was 
used based on an initial score test per- 
formed on all the variables of interest in a 
saturated model. The score test in this 
package effectively performed an asymptot- 
ic log-rank test for each variable as if they 
had been individually added to the model. 
The variable that scored the lowest proba- 
bility that the score could have occurred by 
chance alone was entered as the first re- 
gression term. All the other variables were 
then individually combined with the first 
term. The term that contributed the great- 
est fall in deviance was selected as the next 
to include in the model. This process was 
continued until all variables had been fitted. 
Terms that consistently contributed noth- 
ing on repeated addition to the model and 
that had no effect on existing coefficients 
were eventually discarded from the model. 

Four separate models were run: two for 
the whole data set and two for the MT 
group alone. The first two models were 
used to look at the overall relationship 
between the number of treatments that 
influenced failure and other disease sever- 
ity indicators that may have been confound- 
ers for the effect of number of topical 
medications. It might be argued that pa- 
tients with severe glaucoma needed more 
medications to control their disease and 
that ultimately it was the severity of this 
disease that caused the failure of surgery. 
These models were run for both the whole 
data set (model 1, Table 1) and the MT 
group alone (model 2, Table 2). 

Two further models were used to exam- 
ine the type of medication used while still 
retaining the severity indicators to deter- 
mine whether specific treatments, namely, 
pilocarpine, adrenaline base, guanethidine 
monosulfate and adrenaline, and timolol, 
had a differential effect on failure. These 
models were run for both the whole data set 
(model 3, Table 3) and the MT group (model 


Trabeculectomy—Lavin et al 


ETT OE ST TET NS Feo TO O x 
ery 7 Ws TSUN t ree < j. en y h 


weeks of pilocarpine or, occasionally, timo- 
lol treatment. This inevitably had an effect 
on the results that will be explained below. 
Laser trabeculoplasty and postoperative 
anterior-chamber shallowing were consid- 
ered as true or false logical variables. The 
duration of treatment before surgery, 
which differed greatly between the PT and 
MT groups, was retained as a continuous 
variable. 

Other variables examined included pre- 
senting visual fields, sex, age, duration of 
carbonate dehydratase inhibitor therapy, 
surgeon, and right or left eyes. None of 
these variables showed any influence on any 
of the preliminary models and were left out 
of the final models. 


-Table 1.—Trabeculectomy Outcome: Model 1, Overall Effects for PT and MT Groups* 


_— = SERRET 


aa MES! 


Hazard 95% Confidence 
Ratio Intervalt 


2.28-11.13 
1.13-5.77 
0.99-1.0 
0.51-9.97 


Regression Regression 
Term Coefficient SE 


No. of treatments 1.167 0.404 <.001 5.038 
Presenting IOP .9381 0.416 024 2.555 
Duration of treatment —.0051 0.0026 .05 0.9949 
Laser trabeculoplasty .8173 0.757 28 2.264 
Preoperative field .4167 0.431 33 1.517 0.65-3.53 
Shallow anterior chamber —.0587 0.67 93 0.94 0.25-3.51 
* As analyzed with the Cox model. PT indicates primary trabeculectomy; MT, multiple treatment; and present- 
ing IOP, the first recorded intraocular pressure. | 
+The 95% confidence interval is for the hazard ratio. The hazard ratio is a multiplicative measure of risk of 
failure, so that a hazard ratio of 2 indicates a doubling of risk of failure. For a continuous variable, such as the 
number of topical agents, the hazard ratio is assumed to increase proportionately with the value of the variable. 
Hazard ratios arising from such a model are only relevant when they are associated with a significant reduction 
in deviance or likelihood ratio statistic. 


Table 2.—Trabeculectomy Outcome in MT Group: Model 2, Overall Effects * 
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RESULTS 


The two groups were compared for 
age at presentation, sex ratios, sys- 









Regression Regression Hazard 95% Confidence temic illness, duration of preoperative 
Term Coefficient SE P Ratio intervalt medical therapy, presenting IOPs, 
Presenting IOP 1.13 0.48 02 3.0 1.19-8.0 presenting and preoperative visual 
No. of treatments 1.03 0.48 .03 2.79 1.09-7.17 field loss, age at surgery, postopera- 
Duration of treatment —.005 0.002 .04 0.99 0.99-1.0 tive complications, operating surgeon, 
Laser trabeculoplasty .50 0.93 .59 1.65 0.27-10.19 trabeculectomy success, duration of 
Preoperative field .224 1.22 854 1.25 0.11-13.77 follow-up, topical applications of glau- 
Shallow anterior chamber —.149 0.80 .85 0.86 0.18-4.17 coma therapy, laser trabeculoplasty, 





and time to failure. The results are 
summarized in Table 5. Where rele- 
vant, numbers are listed as +SE or 
95% confidence intervals. While the 
groups differed in some characteristics 
(presenting and preoperative visual 
fields and previous laser trabeculo- 
plasty), multivariate analysis found 
that these variables were not risk fac- 
tors for failure. 

The IOPs for patients in the two 
groups were charted on a scatterplot 
that showed data from the preoper- 
ative and 3- and 18-month postopera- 
tive visits (Fig 1). 

At the 3-month follow-up, the mean 
IOPs, including failures, of the two 
groups were significantly different 


* As analyzed with the Cox model. MT indicates multiple treatment; presenting IOP, the first recorded intraoc- 
ular pressure. 

+The 95% confidence interval is for the hazard ratio. For an explanation of the hazard ratio, see second foot- 
note to Table 1. 


Table 3.—Trabeculectomy Outcome: Model 3, Specific Treatment Effects for PT and 
S MT Groups * 


Regression Regression Hazard 
Term Coefficient SE P Ratio 


Adrenaline base 2.731 1.19 .02 15.37 


Guanethidine monosulfate 2.58 1.22 108 13.2 
and adrenaline 


95% Confidence 
intervalt 


1.49-157.7 
1.21-143.8 


Pilocarpine hydrochloride 2.615 
Timolol maleate 1.59 
Presenting IOP 1.513 
Duration of treatment .01 
Laser trabeculoplasty 1.14 
Shallow anterior chamber .87 0.8 .28 2.38 


1.21 .031 13.67 
0.891 .074 4.91 
0.65 .02 4.54 
0.006 .035 0.99 
1.16 .32 3.13 


1.26-147.7 
0.86-28.2 
1.28-16.1 
0.97-0.99 
0.32-30.25 
0.49-11.55 


fair’ SS 


Preoperative field —.08 


.86 0.92 0.38-2.23 





* As analyzed with the Cox model. PT indicates primary trabeculectomy; MT, multiple treatment; and present- 


ing IOP, the first recorded intraocular pressure. 


+The 95% confidence interval is for the hazard ratio. For an explanation of the hazard ratio, see second foot- 


note to Table 1. 


4, Table 4). 

For the purposes of optimal modeling, 
data were as far as possible factored into 
exposure levels. The presenting IOP was 
factored into three groups, namely, 30 mm 
Hg or less, 31 to 40 mm Hg, or greater than 
40 mm Hg. The number of treatments were 
also factored into the following levels: no or 
one treatment, two treatments, three treat- 
ments, and four treatments. 

For the MT group, the baseline was 
taken as two treatments or less because 
only one in the sample had only one 
treatment. 

However, factoring of number of treat- 
ments and presenting IOP variables result- 
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ed in exceedingly high-hazard ratios (>30 
for three or four treatments). The nature of 
the study design may have allowed these 
factored variables to bias the model due to 
the large divergence between the two 
groups. Keeping the variables unfactored 
enabled us to observe the overall effect of 
having a number of treatments vs none or 
one. 

The exposure to individual medications 
was measured as present if a given medica- 
tion had been used for more than a year. 
Otherwise, patients were considered to be 
unexposed. This rendered all the patients in 
the PT group unexposed to any significant 
medication although most of them had a few 


(PT, 13.5+ 5.7 mm Hg; MT, 18.1+9.9 
mm Hg; P=.008 by two-tailed test). 

Kaplan-Meier survival curves for 
each group are shown in Fig 2. Com- 
parison of survival of trabeculectomy 
function with the use of the log-rank 
test for survival at 3 and 12 months 
(P<.005) and 18 months (P<.001) 
showed a highly significant difference 
between the PT and MT groups. 

Comparison of clinical features of 
the successes and failures in the MT 
group are shown in Table 6. 

We counted the number of applica- 
tions of topical therapy in the two 
groups. The MT group had a minimum 
of 2650 applications, while the PT 
group had a maximum of 220 applica- 
tions (Table 5). We had no method of 
measuring compliance for the patients 
in the MT group. However, they were 
all regular attenders to the glaucoma 
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Hazard 
Ratio 


95% Confidence 
Intervalt 


Regression 
Coefficient 


Regression 
Term 


Guanethidine monosulfate and 
adrenaline base 


Adrenaline 
Pilocarpine hydrochloride = .2 


1.33 .88 0.82 0.06-11.15 


2.09-234.2 
1.46-190.3 


1 
3 





Preoperative field ‘ 1.67 94 1.13 
.57 


12 ; i 0.04-29.7 
Shallow anterior chamber .56 0.99 1.75 0.25-12.19 


*As analyzed with the Cox model. MT indicates multiple treatment; presenting IOP, the first recorded intraoc- 
ular pressure. 

tThe 95% confidence interval is for the hazard ratio. For an explanation of the hazard ratio, see second foot- 
note to Table 1. 






cteristics of PT and MT Groups* 
Factor PT Group MT Group P 
Age diagnosed, y 62.1 + 10.0 59.6 + 8.4 NS 
Sex, % F 25.5 44.1 NS 

i NS 


Systemic illness, No. 11 10 


Duration treated, mo 
Mean 
Range 0-2 
Presenting IOP, mm Hg 38.5 + 3.7 

(95% confidence intervals) (37.4-39.4) 
Presenting field, % 


















12-204 


34.8 + 9.2 
(3 1.8-37.8) 

















<.001 (<.05) 

















Early 38.3 48.89 

Moderate 23.4 23.2 

Advanced 38.3 16.35 

Missing data 10.7t¢ 
Preoperative field, % 

Early 38.3 11.9 

Moderate 23.4 50 

Advanced 38.3 38 T 

Missing Paa ree bia’ 
Age at surgery, y 62.18 + 10 65.85 + 8.66 NS 






Postoperative complications, % 
Hyphema 


Shallow anterior chamber 


Surgeon, % 
Consultant 


Resident 
Failures, % 
Follow-up, mo 

Time to failure, mo 


Topical applications 
Range 











29.7 77 NS 




















20.9 (9/43) 
27.9 + 15.7 NS 
3 


2 (1/47) 
27.7 + 9.0 
3.1 + 6.3 














2860-28 392 
10 877.6 

Laser trabeculoplasty 0 9 te 
*PT indicates primary trabeculectomy; MT, multiple treatment; NS, not significant; and presenting IOP, the 
first recorded intraocular pressure. 


tx? = 25.8, 3 df, P< .001. 
tx? = 9.21, 2 df, P< .01. 






come of overall data set (both PT and 
MT groups) was the number of anti- 
glaucoma medications used (Table 1). 
This effect persisted despite the pres- 
ence of significant disease severity in- 
dicators, in particular the presenting 
IOP. However, it is probable that 
there is a higher order interaction be- 
tween the presenting IOP and number 


clinic and were frequently reminded of 
the need for regular instillation of eye 
drops. We think that in the great 
majority of cases, the patients put 
their eye drops in as instructed. 

The results of the four multivariate 
survival analyses are shown in Tables 
1 through 4. 

The largest single influence on out- 
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of treatments, ie, the higher the pre- 
senting IOP, the greater number of 


treatments used. In this study, we did | 


not analyze higher order interactions. 

The duration of treatment is consis- 
tently significant in all the models. 
Although its hazard ratio was always 
close to 1, a longer treatment duration 
appeared to have a borderline protec- 
tive effect (Table 2). 

The presenting IOP was a marginal- 
ly greater risk factor for failure in the 
overall analysis of the MT group alone 
(Table 2). 

There was no statistical difference in 
the incidence of failure between eyes 
that received laser trabeculoplasty and 
those that did not receive it, and laser 
trabeculoplasty was not found to be a 
risk factor for failure in these models. 

When specific treatments were ex- 
amined, pilocarpine was significant in 
the analysis of the whole data set (PT 
and MT groups, Table 2), but this 
effect was lost in the analysis of the 
MT group alone (Table 4). This is 
because every patient in the PT group 
was effectively unexposed to any topi- 
cal treatment; for the MT group, all 
except two patients had received pilo- 
carpine, and therefore, this variable 
was a very poor determinant of risk of 
failure. However, guanethidine and 


adrenaline combinations and adrena- ~ 


line remained consistently high-risk 
factors in both models. 

Although statistical significance for 
these high-hazard ratios was reached 
for these variables, the confidence in- 
tervals were wide. This was a result of 
the small numbers of cases that failed. 


COMMENT 


The failure rate of our MT group 
was similar to the failure rates that 
were seen in many other studies of 
trabeculectomy in which the indication 
for surgery was failed medical thera- 
py.” Although the duration of medical 
therapy is not known in many of these 
reports, the wide range of topical ther- 
apies available and the frequency of 
partial responses with subsequent loss 
of control implies that in most of these 
patients the duration was likely to be 
greater than 1 year. Certainly, these 
findings provide independent valida- 
tion for our control group (the MT 
group). The very low-failure rate that 
was seen in the PT group was not in 
keeping with that found in most stud- 
ies of trabeculectomy.*” 

The most striking finding in this 
study was not that the MT group did 
badly, as their results were no differ- 
ent from the published experience, but 
rather that the PT group responded so 
well. 
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Age, y 

Sex, % F 

Treatment duration, mo 
Presenting IOP, mm Hg 
No. of drugs 


Presenting field loss, % 
Early 


Moderate 
Advanced 
Missing data 


Drug used 
Pilocarpine hydrochloride 


Timolol maleate 
Adrenaline base 


Epinephrine and guanethidine 
monosulfate mixture (Ganda) 





* MT indicates multiple treatment; presenting IOP, the first recorded intraocular pressure. In all but five eyes, 
this refers to the IOP without treatment. The remaining five values were measured with treatment. For MT suc- 
cesses, the number of treatments was as follows: two eye drops, 14; three eye drops, 14; and four eye drops, 
three. For MT failures, the number of treatments was as follows: two eye drops, three; three eye drops, seven; 
and four eye drops, two. The total numbers (percentages failed) were as follows: two eye drops, 17 (17.6%); 
three eye drops, 21 (33.3%); and four eye drops, five (40%). P values for all clinical features were not signif- 
icant. 


In addition to a significant early loss 
of IOP control, the MT group showed a 
further loss of control in some eyes by 
18 months, a pattern not seen in the 
PT group (Fig 2). This suggests that 
the factors responsible for failure, 
while maximal in the early postopera- 
tive period, continue to have some 
influence over the longer term. 

Our data suggest that previous med- 
ical therapy influences the outcome of 
subsequent trabeculectomy. However, 
the major question regarding our anal- 
ysis is whether we have measured a 
confounding factor of disease severity, 
rather than a direct effect of numbers 
of topical agents. It has not been possi- 
ble to exclude entirely this possible 
confounding factor, but it has, to some 
extent, been controlled for by using 
Cox's regression analysis. In the study 
of a homogeneous group of patients 
with glaucoma who were undergoing 
combined extracapsular cataract ex- 
traction, Longstaffe and colleagues” 
found a similar effect. The same possi- 
ble confounding influence applied in 
the study of Longstaffe et al,” but, in 
particular, there was no difference in 
survival between those patients whose 
indication for surgery was primarily 
the presence of cataract compared 
with those patients whose indication 
for surgery was failure of medical ther- 
apy for glaucoma. This implies that the 
severity of glaucoma does not influence 
the outcome of surgery. Furthermore, 
in the study of Longstaffe et al,” there 
was no selection bias because the 
group under study was homogeneous, 
and yet, the single most powerful influ- 
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ie Table 6.—Trabeculectomy Outcome in MT Group* 


MT Successes 


Sse rae = ee 
ps 


MT Failures 
(n = 31) (n = 12) 
65.4 + 8.8 66.9 + 6.9 


44 44 


78.6 + 54.5 65.1 + 32.3 
33.4 + 9.6 39 + 6.5 
40+ 45 3.63 + 1.02 

45.1 58.3 
22.5 25.0 
16.1 16.0 
16.1 0 
91 100 
73.5 88.8 
52.9 66.6 
26.4 55.5 


ence on the likelihood of failure was 
the number and duration of topical 
glaucoma agents before surgery. For 
these reasons, we do not believe that 
selection bias or the severity of glauco- 
ma explain our findings. 

Another question regarding this 
analysis is whether our results are in 
any way artifactual. Given the large 
number of variables that may be oper- 
ative in glaucoma surgery, we believe 
that the two patient groups are compa- 
rable. One major difference is that 
surgery in the MT group was more 
frequently performed by the consul- 
tant surgeon (20%) than in the PT 
group (8%). This was associated with a 
lower postoperative complication rate 
in the MT group. It is worth noting 
that there was a difference in the 
incidence of shallow anterior chambers 
between the two groups. There was no 
statistical evidence, however, that this 
was related to a subsequent success 
rate of surgery. Nonetheless, failure 
was significantly higher in the MT 
group, indicating that failure was not 
the result of surgical or technical 
factors. 

The question may be raised whether 
any bias occurred since our failures 
represent early- to medium-term fail- 
ures, not late-term failures (ie, after 
several years). Since the majority of 
trabeculectomy failures occur in the 
first 3 postoperative months,” we be- 
lieve this is not a major fault of the 
study. 

The only other notable difference 
between the two study groups was the 
higher presenting IOPs in the PT 
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group (P<.05). We do not know that 
populations with higher IOPs have a 
better outcome with trabeculectomy.”’ 
Furthermore, there is no difference 
between the presenting IOPs of the 
MT group with failed trabeculectomies 
and those of the PT group. In the 
multivariate analysis, the presenting 
IOP was a significant risk factor (Ta- 
bles 1 and 2). While presenting IOPs 
were higher in the PT group, this 
group had a lower failure rate than 
that seen in the MT group. The 
marked difference in surgical outcome 
cannot be attributed to differences in 
initial IOPs. 

The small differences between our 
two study populations in terms of pre- 
senting IOP and field loss are an iney- 
itable consequence of the study design. 
A number of patients with advanced 
glaucoma and failed medical therapy 
could not be included in the MT group 
because they underwent surgery with- 
in 1 year of commencing therapy. 
We consider that if they had been 
included, the mean IOPs and field de- 
fects of the MT group would have been 
more similar to the PT group. The PT 
group represents a random selection of 
all patients with newly diagnosed 
POAG seen at this hospital during the 
study period, and no bias can be ex- 
pected beyond that seen in any study 
with relatively small numbers. 

One other factor might account for 
the differences seen between the two 
groups. From our results in the prima- 
ry treatment trial,** we know that 
patients with POAG treated initially 
by medical means have an 80% chance 
of long-term IOP control. This means 
that patients in the MT group who 
were undergoing surgery fall into the 
remaining 20%. By contrast, only 20% 
of the patients in the primary treat- 
ment group who were undergoing sur- 
gery would have required surgery if 
treated medically initially. Strictly 
speaking, we should compare the pa- 
tients in the MT group with 20% of 
patients in the PT group who would 
not respond to medical treatment. Our 
problem is that we do not know which 
patients in the primary treatment 
group fall into that 20%. Retrospective 
comparison of the clinical details of MT 
patients who failed with those who had 
successful surgery did not reveal any 
differences. Longstaffe and cowork- 
ers” found no difference in trabeculec- 
tomy survival between those eyes in 
which the indication for surgery was 
primarily the presence of cataract com- 
pared with those in which the indica- 
tion for surgery was failure of medical 
therapy for glaucoma. This implies 
that failure of medical therapy is not in 
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itself associated with a higher risk of 
trabeculectomy failure. 

A major criticism is that these two 
groups were not identical. Although 
similar on clinical grounds, the two 
groups differed in that the known du- 
ration of the disease was likely to have 
been longer (12 to 204 months) in the 
MT group. The implication is that, in 
some way, these eyes were “sicker,” 
and that this was responsible for the 
poorer surgical results in this group. 
However, the results of surgery in the 
MT group were no different from those 
quoted by Watson and Grierson,“ who 
advocated early surgery after initial 
topical therapy, and those seen by Jay 
and Murray” in eyes that underwent 
surgery for failure of medical therapy, 
in which the disease duration was 
known. The findings of the study of 
Longstaffe et al” imply that the sever- 
ity of glaucoma does not influence the 
outcome of surgery. Finally, the time 
of failure in the MT group occurred in 
the first 3 months. This coincides with 
the hypercellular response reported in 
the early failures. This hypercellular 
response is not the response of a “sick” 
eye, but of normal wound healing. 

The duration of treatment appears 
to have a weakly protective effect (haz- 
ard ratio, 0.99; P =.05) in the multivar- 
iate statistical analysis. Since the num- 
ber of treatments is the major risk 
factor for failure (hazard ratio, 5.03; 
P<.001), this may imply that large 
numbers of treatments during a rela- 
tively shorter time have a greater risk 
than similar numbers of treatments 
during longer time periods. Elucida- 
tion of this question requires analysis 
of higher order interactions and larger 
study numbers. 

While the MT group had higher pre- 
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senting IOPs (P<.05), the low-hazard 
ratio implies that this was not a major 
factor in determining outcome. In- 
deed, the largest contribution to the 
variation in outcome between the two 
groups was the presence of significant 
topical glaucoma therapy; this in- 
creased the risk of failure by a factor of 
5 (P<.001). 

The reasons for long-term medical 
therapy being associated with higher 
failure rates of surgery are not clear, 
and several factors may be involved. 
Failure of glaucoma filtering surgery is 
thought to be the result of postopera- 
tive fibrosis."""’ One theory holds that 
activated fibroblasts will demonstrate 
a heightened response to a stimulus (in 
this case, surgery). Surgery in pa- 
tients with activated cell populations is 
expected to result in greater degrees 
of postoperative fibrosis. This mecha- 
nism may be significant, since there is 
evidence that topical glaucoma therapy 
is associated with increased numbers 
of inflammatory cells and fibroblasts in 
the conjunctival and episcleral tis- 
sues. ™ 

Laser trabeculoplasty was used in 
the management of patients in the MT 
group, and it could be argued that this 
may contribute to the high-failure rate 
in these eyes. We found no difference 
in the incidence of failure between MT 
eyes that underwent laser trabeculo- 
plasty and other MT eyes, and this 
variable was not found to be a risk 
factor for failure in multivariate analy- 
sis, in keeping with the findings of a 
previous report.” 

It is possible that other explanations 
may account for our findings. It may 
be that POAG is associated with a 
greater propensity for ocular fibrosis, 
and that this propensity increases with 
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the duration of POAG. While this could 
explain our results, similar numbers of 
patients with all categories of field loss 
suffered trabeculectomy failure; this 
was not confined to those with ad- 
vanced loss. 

We studied the MT group in greater 
detail and compared those patients 
whose trabeculectomies were success- 
ful with those whose surgery subse- 
quently failed. The group with failed 
surgery had more patients using topi- 
cal guanethidine and adrenaline prepa- 
rations (55% vs 26%). According to 
Wright,” “. . .almost all topical agents 
including preservatives have been im- 
plicated. . .[in drug-induced]. . .pseu- 
dopemphigoid,” although this is seen 
more frequently with guanethidine 
and adrenaline combinations. In our 
multivariate analysis, adrenaline and 
guanethidine-adrenaline combinations 
were powerful risk factors for failure. 

Finally, preserved eye drops are 
routinely used in topical glaucoma 
therapy. Cellular toxicity is a well- 
recognized effect of the commonly used 
preservatives”? and may be a factor 
involved in cellular activation in long- 
term therapy. Our MT group had an 
average duration of treatment of 6 
years and had a significant long-term 
exposure to topical preservatives. 

Our study suggests that in some 
instances long-term use (ie, > 12 
months) of topically applied glaucoma 
medications can adversely affect the 
results of fistulizing surgery. It is nec- 
essary to try and identify those indi- 
viduals who react in this way to ensure 
that the use of topical glaucoma medi- 
cations is not counterproductive. 
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Early Intraocular Pressure Rise After Trabeculectomy 


Jeffrey M. Liebmann, MD; Robert Ritch, MD; Mark DiSclafani, MD; Laetitia Stock, MPH 


e Intraocular pressure (IOP) was mea- 
sured 4 to 6 hours after surgery and on 
the first postoperative day in 35 eyes of 
35 consecutive patients undergoing ini- 
tial trabeculectomy. In 27 eyes, the ante- 
rior chamber was re-formed at the com- 
pletion of surgery with balanced salt 
solution, and in eight eyes it was re- 
formed with hyaluronate sodium. A total 
of six eyes (17%) had an IOP of 40 mm Hg 
or greater 4 to 6 hours after surgery. 
Patients who received hyaluronate to 
maintain the depth of the anterior cham- 
ber had a significantly greater chance of 
experiencing a marked postoperative 
IOP rise, both at 4 to 6 hours (P=.005) 
and on the first postoperative day 
(P=.0038). There was no correlation be- 
tween the postoperative IOP rise and the 
patient’s age, sex, glaucoma diagnosis, 
preoperative IOP, use of 5-fluorouracil, 
or the number of sutures used to close 
the scleral flap. Hyaluronate may contrib- 
ute to an early increase in IOP that could 
result in further visual field loss in eyes 
with severe glaucomatous damage. We 
recommend early monitoring of IOP after 
trabeculectomy and avoiding the routine 
use of hyaluronate. 

(Arch Ophthalmol. 
1552) 


1990;108:1549- 


(; laucomatous visual field loss may 

progress despite apparent success- 
ful lowering of intraocular pressure 
(IOP) following glaucoma filtration 
surgery.” Loss of central fixation 
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(“snuff-out”) in the early postoperative 
period has also been described.* To 
further evaluate these phenomena, we 
elected to investigate IOP during the 
period immediately following trabec- 
ulectomy, at a time when aqueous hu- 
mor dynamics and normal ocular anat- 
omy are disturbed. We theorized that 
rapid fluctuations of IOP may be occur- 
ring in the first 24 hours after surgery 
and may be an infrequently recognized 
cause of progressive visual field loss 
following glaucoma surgery. 


PATIENTS AND METHODS 


Thirty-five phakic eyes of 35 consecutive 
patients undergoing initial trabeculectomy 
were studied. There were 19 male and 16 
female patients with a mean (+SD) age of 
58.4+17.5 years (range, 14 to 86 years). 
Diagnoses included primary open angle 
glaucoma (19 eyes), chronic angle closure 
glaucoma (six eyes), juvenile open angle 
glaucoma (four eyes), pseudoexfoliation 
syndrome (three eyes), and pigmentary 
glaucoma (three eyes) (Table 1). All pa- 
tients had glaucomatous optic atrophy, as- 
sociated visual field loss, and an IOP of 
greater than 21 mm Hg. 

All surgery was performed by one of us 
(R.R.) with use of a standardized tech- 
nique. After local anesthesia was achieved, 
a limbus-based conjunctival flap was dis- 
sected, and hemostasis was maintained 
with monopolar diathermy. A one-half 
thickness, rectangular scleral flap (8 mm 
radial and 4 mm circumferential) was dis- 
sected into clear cornea. An internal section 
of clear cornea and trabecular meshwork 
(1 mm radial and 3 mm circumferential) was 
excised, and a peripheral iridectomy was 
performed. The scleral flap was reapposed 
with the use of two to five 9-0 or 10-0 
monofilament nylon sutures. The anterior 
chamber was then re-formed through a 
previously created paracentesis. Balanced 
salt solution (BSS) was used in 27 eyes and 
hyaluronate sodium was used in eight eyes. 


The conjunctiva was closed with a running, 
locked, 9-0 monofilament polyglactin suture 
on a BV100-3 needle. The bleb was expand- 
ed by irrigation of the anterior chamber 
through the paracentesis, and any leaks 
were repaired primarily. At the conclusion 
of surgery, IOP was approximately 10 mm 
Hg in all eyes, as determined by Schiotz 
tonometry. Adjunetive 5-fluorouracil ther- 
apy was used in 26 eyes (74%), and a 
combination antibiotic and steroid injection 
was given subconjunctivally in all patients. 
Therapy with topical medication was con- 
tinued until the time of surgery and was 
then discontinued. No carbonic anhydrase 
inhibitors were administered on the day of 
surgery. 

The IOP was measured 4 to 6 hours after 
surgery with the use of Goldmann applana- 
tion tonometry. Details of the slit-lamp 
biomicroscopic examination, including the 
appearance of the filtering bleb, anterior 
chamber depth, presence or absence of hy- 
phema, and patency of the iridectomy, were 
recorded. If the IOP was greater than 15 
mm Hg, digital pressure was applied to 
promote aqueous outflow, elevate the con- 
junctival filtration bleb, and reduce the 
IOP. If the IOP could not be reduced with 
gentle massage, gonioscopy was performed. 
Slit-lamp examination and measurement of 
IOP were also performed on postoperative 
day 1 (POD 1) in all eyes. 

Means were compared using Student’s t 
test or Fisher’s Exact Test (when appropri- 
ate). Regression analysis was performed to 
evaluate the association between postoper- 
ative IOPs at 4 to 6 hours and on POD 1.” 
Product-Moment Correlation Coefficients 
were calculated to assess the association 
between risk factors and postoperative ele- 
vation of IOP.’ 


RESULTS 


Postoperatively, eyes were divided 
into three groups based on IOP. These 
ranges were 20 mm Hg or less, 21 to 
39 mm Hg, and 40 mm Hg or greater. 
Four to 6 hours after surgery, four 
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_ Table 1.—Eyes by Diagnosis r 














Glaucoma Diagnosis 
Primary open angle glaucoma 







Chronic angle closure glaucoma 6 
Juvenile open angle glaucoma 4 
Pseudoexfoliation syndrome 3 
Pigmentary glaucoma 3 





(50%) of eight eyes in the hyaluronate 
group had an IOP of 40 mm Hg or 
greater compared with two (7%) of 27 
eyes in the BSS group. This difference 
was statistically significant (P = .005). 
There were no significant differences 
between the BSS and hyaluronate 
groups at 4 to 6 hours in the IOP 
ranges of 20 mm Hg or less or 21 to 
39 mm Hg (Table 2). 

The IOP on POD 1 was divided into 
the same three IOP ranges. Two (29%) 
of seven eyes in the hyaluronate group 
had IOPs of 40 mm Hg or greater at 
POD 1 compared with one (4%) of 27 
eyes in the BSS group. This difference 
was significant (P = .038). Again, there 
was no significant difference between 
the groups in the IOP range of 20 mm 
Hg or less or 21 to 39 mm Hg (Table 3). 
One eye in the hyaluronate group was 
excluded from the POD 1 data analysis 
because of the development of a hy- 
phema between the two postoperative 
examinations. 

In the BSS group, the mean (+SD) 
IOP at 4 to 6 hours was 17.8+ 12.2 mm 
Hg (range, 1 to 48 mm Hg). The mean 
IOP at 4 to 6 hours in the hyaluronate 
group was 27.8+ 18.0 mm Hg (range, 2 
to 50 mm Hg). This difference in mean 
IOP was not statistically significant 
(P=.07), although a trend was pres- 
ent. The mean IOP at POD 1 in the 
BSS group was 14.7+9.9 mm Hg 
(range, 2 to 44 mm Hg) compared with 
25.1+16.8 mm Hg (range, 3 to 44 mm 
Hg) for the hyaluronate group. This 
result attained statistical significance 
(P=.03) (Table 4). 

Eleven eyes (31%) had a higher post- 
operative IOP than preoperative IOP 
during the first 24 hours after surgery. 
In four of these eyes, the rise in IOP 
was at least 50% greater than the 
baseline IOP. Three of these eyes re- 
ceived hyaluronate to maintain anteri- 
or chamber depth. 

There was a positive correlation be- 
tween the IOP at 4 to 6 hours and that 
at POD 1, indicating a tendency for an 
early elevation of IOP to be maintained 
during the first 24 hours in both BSS 
(R*=.342) and hyaluronate groups 
(R* = .627) (Figs 1 and 2). Digital pres- 
sure was not effective in preventing an 






IOP, (mm Hg) No. (%) 
>40 2 (7) 
21-39 8 (30) 
<20 17 (63) 





* BSS indicates balanced salt solution. 
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Table 3.—Intraocular Pressure, by Group, on the First Postoperative Day 
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tin one patient in the hyaluronate group, a delayed hyphema developed and the patient was excluded from 


the data analysis at postoperative day 1. 









at 4-6 h (1-48) 
[n = 27] 
Mean IOP, (mm Hg), 14.7+9.9 
at POD 1t (2-44) 
[n = 27] 


Mean IOP, (mm Hg), 17.8 = 12.2 





Hyaluronate 
Sodium Group P 
27.8 + 18.0 .07 
(2-50) 
[n = 8] 
25.1 + 16.8 .03 
(3-44) 
[n = 7f] 














* BSS indicates balanced salt solution; numbers in parentheses, ranges; and POD 1, postoperative day 1. 
tin one patient in the hyaluronate group, a delayed hyphema developed and the patient was excluded from 


the POD data analysis. 


elevation in IOP at POD 1 in all eyes. 
However, three eyes in the BSS group 
and one eye in the hyaluronate group 
had IOPs that were 20 mm Hg less at 
POD 1 than at the initial 4- to 6-hour 
examination. 

The scleral flap was closed with 
a mean (+SD) of 3.5+1.6 sutures 
(range, two to five sutures) in eyes 
receiving hyaluronate and 3.7+1.1 su- 
tures (range, two to five sutures) in 
eyes receiving BSS. There was no 
significant correlation between the 
preoperative IOP and the postopera- 
tive IOP. Within each respective 
group (BSS or hyaluronate), there was 
also no significant correlation between 
increased postoperative IOP and the 
patient’s age, sex, diagnosis, use of 
5-fluorouracil, or number of sutures 
used to close the scleral flap. 


COMMENT 


An increase in IOP is well recog- 
nized after intracapsular~” and extra- 
capsular” cataract extraction. Com- 
bined cataract and glaucoma surgery 
decreases the incidence and magnitude 
of this pressure elevation, but it does 


not eliminate it completely.” 
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Although a postoperative rise in IOP 
is usually self-limited, significant loss 
of visual field and/or loss of central 
fixation may occur. This complication 
has been reported to occur after IOP 
spikes in patients with glaucoma fol- 
lowing cataract surgery and also after 
argon laser trabeculoplasty” and neo- 
dymium-YAG posterior capsulotomy.” 

To our knowledge, an early rise 
in IOP during the first 4 to 6 hours 
following trabeculectomy has not 
been previously reported. Despite the 
known association between ocular sur- 
gery and fluctuation in IOP, most sur- 
geons do not anticipate a rise in IOP 
immediately after creating a new out- 
flow pathway during filtration sur- 
gery. An early rise in IOP after trabe- 
culectomy could result in further visual 
field loss or loss of central fixation, and 
it could account for the so-called snuff- 
out phenomenon known to occur fol- 
lowing filtration surgery.” 

We found significant elevation of 
IOP (as high as 50 mm Hg) in the 
presence of a patent fistula 4 to 6 hours 
after uncomplicated trabeculectomy, 
at a time when IOP is not typically 
monitored. Patients in whom hyalur- 
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Fig 1.—Comparison of intraocular pressures (IOPs) at 4 to 6 hours and at postoperative day 1 in 
eyes receiving balanced salt solution to maintain anterior chamber depth. 
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Fig 2.—Comparison of intraocular pressures (IOPs) at 4 to 6 hours and at postoperative day 1 in 
eyes receiving hyaluronate sodium to maintain anterior chamber depth. 


onate was used to re-form the anterior 
chamber had a significantly greater 
chance of having an IOP rise than did 
those receiving BSS. Three (88%) of 
eight patients in this group had devel- 
opment of an IOP that was 50% great- 
er than their preoperative baseline 
IOP. 

Surgical technique did not account 
for the wide range of IOP found during 
the first 24 hours after surgery. There 
were no intraoperative complications, 
flat anterior chambers, or evidence of 
aqueous misdirection in this series, 
although these conditions have been 
reported in association with an eleva- 
tion of IOP during the first postopera- 
tive week.” The internal ostium was 
free of obstruction in all cases of ele- 
vated IOP. 

There was no loss of central fixation 
in any eye regardless of the postopera- 
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tive IOP or presence of a perioperative 
rise in IOP. Digital pressure was em- 
ployed to reduce IOP at the time of the 
first examination. This technique was 
successful in lowering IOP and elevat- 
ing the conjunctival filtration bleb in 
all eyes in which it was performed, 
indicating the presence of a patent 
surgical outflow pathway. The effect 
was temporary in most cases, with 
IOP tending to rise to predigital com- 
pression levels. However, digital pres- 
sure may well have had a beneficial 
effect in preventing a sustained eleva- 
tion of IOP in certain eyes, as four 
eyes had an IOP that was at least 20 
mm Hg lower at the POD 1 examina- 
tion than at the 4- to 6-hour exam- 
ination. 

Suture tension on the scleral flap has 
also been postulated as a cause of 
elevated IOP after trabeculectomy."~ 
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A tightly sutured scleral flap will im- 
pede aqueous outflow through the fis- 
tula and elevate the IOP. We agree 
that this may be an important factor, 
but we have been unable to devise a 
means to quantitate it. At the comple- 
tion of surgery, each eye that was 
operated on was left with a formed 
anterior chamber, an IOP of approxi- 
mately 10 mm Hg, and an apposed 
scleral flap. In a recent survey of the 
American Glaucoma Society, Kolker” 
found that the number of sutures pre- 
ferred to close the scleral flap after 
trabeculectomy varied from one to 
greater than five. We found no signifi- 
cant correlation between the number 
of sutures used and postoperative IOP 
in this series. The IOP spikes occurred 
in eyes in which as few as two sutures 
were used to close the scleral flap and 
also when three or five sutures were 
used. 

Several investigators have advocat- 
ed the use of hyaluronate during filter- 
ing surgery. ”™™ Theoretical advan- 
tages of the use of hyaluronate during 
trabeculectomy include maintenance of 
anterior chamber depth during sur- 
gery, tamponade of intraoperative 
bleeding, and decreased incidence of 
postoperative shallowing of the anteri- 
or chamber. Pape and Balazs“ re- 
ported good bleb formation and IOP 
control in 15 eyes undergoing trabecu- 
lectomy with the use of hyaluronate. 
Wilson and Lloyd” reported fewer hy- 
phemas in patients receiving hyaluron- 
ate. Early postoperative IOP, criteria 
for success, and visual field status 
were not reported. In a review of 21 
eyes, Blondeau” reported less shallow- 
ing of the anterior chamber and less 
postoperative hypotony in eyes with 
the use of hyaluronate. The IOP 6 
hours after surgery was not reported. 

Hyaluronate, however, may de- 
crease outflow facility in normal and 
glaucomatous eyes and can result in 
IOP spikes postoperatively in eyes 
with normal outflow facility.“** Ber- 
son et al” demonstrated a 65% de- 
crease in outflow facility when hyalur- 
onate was instilled into enucleated 
eyes. Removal of the hyaluronate by 
irrigation of the anterior chamber with 
BSS did not alter this finding. In glau- 
comatous eyes with a low preoperative 
outflow facility, hyaluronate could cer- 
tainly further impede aqueous outflow 
and result in an elevation of IOP fol- 
lowing trabeculectomy, provided out- 
flow through the surgical fistula is 
inhibited as well. 

Wilson and Lloyd” found no differ- 
ence in long-term IOP and visual acu- 
ity after trabeculectomy with and 
without the use of hyaluronate. The 
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IOP during the first 24 hours following 
Surgery was not reported. Random- 
ized, controlled studies have shown no 
benefit in maintaining anterior cham- 
ber depth and preventing hypotony in 
the early postoperative period after 
filtration surgery.” This was true 
even when a highly viscous solution of 
hyaluronate (1.9%) was used in an 
attempt to maintain anterior chamber 
depth.” 

Several studies have reported pro- 
gressive visual field loss after tra- 
beculectomy, despite normalization of 
IOP.” Continued field loss may be 
related to inadequate lowering of IOP, 
continued glaucomatous optic neuropa- 
thy due to a vascular process unrelated 
to IOP-induced mechanical stress, or 
changes in optic nerve head blood flow 
and physiology during surgery. Kidd 
and O’Connor,’ in a retrospective 
study of 60 eyes, reported continued 
glaucomatous field loss during a period 
of 5 years in 18% of eyes despite 
normalization of IOP. Werner et al’ 
found progressive visual field defects 
in 10 of 24 eyes after trabeculectomy. 
Holmin and Storr-Paulsen‘ also con- 
firmed the presence of continued visual 
field loss following filtration surgery. 
In these studies, patients with success- 
ful IOP control and progressive visual 
field loss tended to have a higher IOP 
than the group in which visual field 
loss did not progress. In none of these 
studies was early (4 to 6 hours) postop- 
erative IOP investigated as a possible 
cause of postoperative visual field loss. 

It is possible that vision loss during 
the period immediately following tra- 
beculectomy may be due to an unde- 
tected IOP spike occurring in the early 
postoperative period. This possibility 
must be excluded before attributing 
postoperative visual field loss inade- 
quate control of glaucoma despite ap- 
parent effective surgical lowering of 
IOP. To make certain that progressive 
loss is occurring after successful surgi- 
cal control of IOP, only sequential 
postoperative fields should be evalu- 
ated. The use of preoperative peri- 
metry as a baseline for future postop- 
erative progression would lead to the 
false impression of continued progres- 
sion, despite seemingly adequate IOP 
control, if the changes occurred as a 
result of an undetected IOP rise in the 
immediate postoperative period. 


CONCLUSION 


Our findings emphasize several im- 
portant clinical points concerning glau- 
coma surgery. A significant increase in 
IOP may occur as early as 4 to 6 hours 
after trabeculectomy. The IOP may 
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continue to be elevated at POD 1, 
despite the early use of digital pres- 
sure. The ease and safety of argon 
laser release of scleral flap sutures 
after trabeculectomy™ may lead some 
surgeons to place greater tension on 
the scleral flap sutures to reduce aque- 
ous outflow and prevent early postop- 
erative hypotony and shallow or flat 
anterior chamber. This may lead to a 
greater frequency of early spikes in 
IOP occurring after filtering surgery. 
Our data indicate that retained hya- 
luronate increases the frequency and 
magnitude of this early elevation in 
IOP. Although none of our patients 
with elevated IOP lost visual acuity or 
field because of this elevation in IOP, 
some previously reported instances of 
visual loss after trabeculectomy may 
have been caused by early postopera- 
tive pressure spikes. Extreme caution 
should therefore be exercised with re- 
gard to employing this agent in eyes 
with severe visual field less. This ad- 
monition should presumably apply also 
to other viscoelastic agents. We rec- 
ommend careful monitoring of IOP 
soon after filtration surgery, especially 
in eyes with severe glaucomatous optic 
nerve damage or visual field loss. 
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Serous Retinal Detachment Following 
Glaucoma Filtering Surgery 


Michael Lavin, FRCS, FCOphth; Wendy Franks, FRCS, FCOphth; Roger A. Hitchings, FRCS, FCOphth 


e We report the occurrence of serous 
retinal detachment in association with 
choroidal effusion and hypotony in six 
eyes that had undergone glaucoma filter- 
ing surgery. Hypotony with choroidal ef- 
fusion was documented in five patients 
before the onset of serous retinal detach- 
ment. While one patient underwent vi- 
trectomy, treatment was conservative in 
the other patients. Serous retinal detach- 
ment and choroidal effusions resolved 
spontaneously as the intraocular pres- 
sure normalized. Although one patient 
regained preoperative visual acuity, all 
other patients lost at least one line of 
Snellen acuity. 

(Arch Ophthalmol. 
1555) 
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horoidal effusions following filter- 

ing surgery for glaucoma are re- 
ported in 2% to 12.5% of cases’” and 
are associated with postoperative hy- 
potony. Most cases resolve spontane- 
ously; surgical intervention is only oc- 
easionally indicated if there is 
corneal/lenticular touch or prolonged 
hypotony with macular or optic disc 
edema.’ 

We report an unusual association of 
postoperative hypotony with choroidal 
effusions and serous retinal detach- 
ment (SRD) in six eyes following fistu- 
lizing surgery. 


PATIENTS AND METHODS 


We reviewed the results of 200 consecu- 
tive glaucoma filtering tube operations per- 
formed at Moorfields Eye Hospital, Lon- 
don, England, between 1984 and 1989. Five 
patients were identified who had suffered 
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SRDs in association with profound hypo- 
tony following tube implant surgery. In 
addition, during the same period, we saw 
this complication in one patient who had 
undergone a conventional trabeculectomy. 
All patients were being treated by one of 
the authors (R.A.H.). The details of these 
cases are summarized in Table 1. 

We compared the clinical features of all 
patients undergoing glaucoma tube surgery 


with the features of patients who suffered: 
SRD after glaucoma filtering surgery, in-` 


cluding the single case occurring after tra- 
beculectomy. These results are summarized 
in Table 2. We also compared the early 
postoperative intraocular pressures in pa- 
tients undergoing glaucoma tube surgery 
with those of patients who suffered SRD 
after surgery. Intraocular pressure mea- 
surements were documented on the first 
postoperative day in 160 of the 200 eyes 
that had undergone glaucoma tube surgery. 
Intraocular pressures of less than 8 mm Hg 
were recorded in 90 (56%) of these patients, 
while intraocular pressures of 3 mm Hg or 
less were found in 59 patients (37%). In 
contrast, all six patients with SRD after 
glaucoma filtering surgery had intraocular 
pressures of 3 mm Hg or less on the first 
postoperative day. 

The details of all six cases of patients who 
had suffered postoperative SRDs after 
glaucoma filtering surgery are given in 
Table 1. Their ages ranged from 14 to 60 
years, with a mean age of 36 years. All had 
normal systemic blood pressure and none 
had previously suffered SRDs from any 
other cause. No eyes had active intraocular 
inflammation prior to surgery and there 
were no operative or postoperative cases of 
suprachoroidal hemorrhage. 

The duration of serous detachment 
ranged from 10 to 30 days. All eyes had 
associated choroidal effusions. These were 
noted prior to the development of serous 
detachment in four eyes and were recorded 
in association with choroidal effusion in two 
eyes. Choroidal detachments resolved more 
slowly than SRD in all eyes. The extent of 
serous detachment varied from inferior 
shifting fluid not involving the macula in 
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patients 1 and 3 to total retinal detachment 
with the retina anterior to the pupillary 
plane in patient 2 (Figure). 

A rhegmatogenous cause for the retinal 
detachment could not be excluded in patient 
5 because of the poor fundus view, and 
surgery was performed. A _pupilloplasty 
and vitrectomy were performed, but no 
retinal tear was identified, and a diagnosis 
of SRD was made. The detachment re- 
solved spontaneously during the following 
month. All other patients were treated 
conservatively. 

The degree of visual loss appeared to be 
related to the extent of retinal detachment 
in patient 3, the most mildly affected, who 
retained preoperative visual acuity; pa- 
tients 2, 5, and 6, the most severely af- 
fected, lost more than three lines of Snellen 
visual acuity. Visual acuity in patient 6 fell 
from 6/18 to 6/60 and deteriorated further, 
to hand movements after 12 months, due to 
uncontrolled glaucoma. All other patients 
had good intraocular pressure control at 
their follow-up examination. 


COMMENT 


Serous retinal detachment in the 
absence of a retinal hole has been 
described in a diverse number of condi- 
tions, including idiopathic central se- 
rous retinopathy and its variants,” 
choroidal neoplasia,”® choroidal inflam- 
mations,“ choroidal ischemia and 
systemic hypertension,”” congenital 
optic disc abnormalities,” idiopathic 
uveal effusion syndrome, and blunt 
trauma.“ 

We are aware of one similar case 
report documenting an association of 
SRD and a retinal pigment epithelial 
tear in a hypotonous eye” and of text- 
book descriptions of anecdotal cases of 
SRD associated with hypotony.” The 
similarity of presentation and clinical 
course in all our cases is convincing 
evidence that the association of SRD 
and hypotony is not spurious. 
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Table 1.—Ocular Characteristics and Outcome in Serous Retinal Detachment 


Patient 
No. History 


Ocular 


Preoperative 
Visual Acuity 


intraocular 
Pressure, 
mm Hg, 
Postoperative 


Duration 
of Serous 
Detachment, 


Preoperative 
Intraocular 
(mm Hg) 


Pressure, 
Surgery 


Follow-up 
Acuity 


Day 1 d mo 
Myopia, previous trabe- 6/18 30 Trabeculectomy 3 10 5 6/24 
culectomy 
8 <3 30 18 


1 
2 Still's disease, aphakic, 6/6 
vitrectomy 
Sturge-Weber 
syndrome, previous 
trabeculectomy 
Encirclement and cryo- 
therapy for retinal 
detachment 
Congenital cataracts, 
multiple needlings 
AACG, PI, trabeculecto- 
my, shocket tube* 





3 Joseph tube 


Joseph tube 


Counting 
fingers 


Molteno tube 


Joseph tube 6/36 


Revision shocket Hand motions 


tube 





* AACG indicates acute angle closure glaucoma: and PI, peripheral iridectomy. 


All eyes with SRD were hypoton- 
ous, while only 37% of eyes with glau- 
coma filtering tubes in the parent se- 
ries were hypotonous. The high 
proportion of our patients with SRD 
with filtering tubes (five of six pa- 
tients) may reflect the fact that eyes 
undergoing tube surgery have signifi- 
cantly lower postoperative intraocular 
pressures than eyes undergoing trabe- 
culectomy.” 

Serous retinal detachments are 
thought to develop when a defect of 
the normal metabolic transport sys- 
tems of the retinal pigment epithelium 
occurs in the setting of an intact blood- 
retinal barrier so that subretinal fluid 
cannot be readily absorbed by the reti- 
nal pigment epithelium and accumu- 
lates in the subretinal space.” It is 
possible that a choroidal effusion tem- 
porarily interferes with the metabolic 
transport systems of the retinal pig- 
ment epithelium, which may explain 
the occurrence of SRD in our patients. 

All six eyes in our study had under- 
gone previous surgery, although the 
mean number of previous operations 
was not markedly different from that 
in the parent series of patients receiv- 
ing glaucoma filtering tubes (Table 2). 
One eye suffered Sturge-Weber syn- 
drome with a diffuse choroidal heman- 
gioma. While patients with Sturge- 
Weber syndrome are predisposed to 
develop SRD,” the occurrence in 
this patient was clearly associated with 
hypotony, in both its onset and resolu- 
tion. The frequency of associated reti- 
nal disease in the patients with SRD 
was not markedly different from that 
in the parent series of patients with 
glaucoma filtering tubes (Table 2). 
While cases of Still’s disease and 
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Table 2.—Comparison of Clinical Features in Eyes With Glaucoma Tubes and Those 
With Serous Retinal Detachments 










No. (%) of Eyes* 
$$ LLL LPBE 
Glaucoma Tubes 













Glaucoma and Serous 
Tubes Retinal Detachments 
Feature (n = 200) (n = 6) 












Aphakic 109 (54.5) 4 (66) 
Vitrectomy 46 (23) 1 (16) 
Aphakic and Vitrectomy 40 (20) 1 (16) 
Retinal Surgery 31 (15.5) 1 (16) 
High Myopia 7 (3.4) 1 (16) 
Still's disease 5 (2.5) 1 (16) 
Sturge-Weber syndrome 2 (1) 1 (16) 






Other Retinal Disease 17 (8.5) ©, 


*The mean No. of previous operations was 2.6 for all eyes undergoing glaucoma tube surgery and 2.8 for 
eyes with serous retinal detachments. 


An extensive serous retinal detachment with retina visible in the pupillary plane is seen in this 
photograph of patient 2. Retinal blood vessels (arrows) are clearly visible in this aphakic eye. 
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Sturge-Weber syndrome appear over- 
represented in the SRD group, the 
number of cases is too small to allow 
useful comparison. 

In our patients, retinal reattach- 
ment was associated with recovery 
from hypotony and occurred before 
resolution of the choroidal effusions in 
all patients. Pain was a feature in only 
one of our patients, and the choroidal 
detachments, while extensive in four 
eyes, were not associated with choroi- 
dal hemorrhage either clinically or on 
ultrasonography. 

When extensive, these cases may 
have an appearance similar to a rheg- 
matogenous retinal detachment. In 
one case, vitrectomy and internal 
search were undertaken as a rhegma- 
togenous retinal detachment was sus- 
pected. All other patients were treated 
conservatively, with spontaneous reti- 
nal reattachment in each patient. The 
findings of shifting subretinal fluid in 
the setting of severe postoperative hy- 
potony and choroidal effusions should 
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allow a presumptive diagnosis of SRD. 

Rhegmatogenous retinal detach- 
ments are occasionally seen following 
the development of tractional retinal 
breaks associated with limited supra- 
choroidal hemorrhage. Features of su- 
prachoroidal hemorrhage were not 
seen in any of our patients with SRD, 
and no patient had evidence of retinal 
tear formation or rhegmatogenous ret- 
inal detachment. 

Three of our patients were noted to 
have extensive SRDs, and these pa- 
tients suffered the most severe losses 
of central visual acuity; in one patient a 
preoperative visual acuity of 6/9 was 
followed by a best postoperative visual 
acuity of finger counting only. 

In view of the poor visual results in 
the three patients with extensive reti- 
nal detachment, we believe that inter- 
vention aimed at restoring the intra- 
ocular pressure and limiting the 
duration of macular detachment may 
be indicated in such eyes. Reducing 
excessive drainage by ligation of a 
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patent drainage tube or resuture of a 
trabeculectomy flap, with reformation 
of the anterior chamber, should be 
considered in phakic eyes. In aphakic 
eyes and eyes undergoing vitrectomy, 
immediate restoration of intraocular 
pressure can be achieved with injec- 
tion of perfluorocarbon gas.” We be- 
lieve the benefits of restoring intraocu- 
lar pressure outweigh the risks of 
further interventions in hypotonous 
eyes.” 

Serous retinal detachment in such 
eyes may result in significant visual 
loss; while one patient regained preop- 
erative visual acuity, five eyes lost one 
or more lines of Snellen acuity. These 
cases provide further evidence of the 
dangers of acute severe postoperative 
hypotony in compromised eyes, and 
emphasize the need for preventive 
measures designed to limit early post- 
operative hypotony.” 
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The Macular Photostress Test in Diabetic Retinopathy 
and Age-Related Macular Degeneration 


Gloria Wu, MD; John J. Weiter, MD, PhD; Sergio Santos, MD; Leonard Ginsburg, MD; Robert Villalobos, MD 


e We propose the macular photos- 
tress test for the evaluation of macular 
function in the office setting. Eighty eyes 
were tested and divided into four diag- 
nostic categories: background diabetic 
retinopathy, diabetic macular edema, 
age-related macular degeneration, and 
normal. The recovery times for the eyes 
with age-related macular degeneration 
were longer than for eyes with macular 
edema (P=.03). Age-matched patients 
with age-related macular degeneration 
had longer recovery times than did those 
without age-related macular degenera- 
tion (P =.0001). A possible explanation is 
that the prolonged recovery time in the 
eyes with age-related macular degenera- 
tion reflects that the anatomic lesion is 
located in the retinal pigment epithe- 
lium—photoreceptor complex. In compar- 
ison, the eyes with macular edema, 
whose lesion is in the inner retina and 
not the retinal pigment epithelium, show 
a less-prolonged recovery time than 
the eyes with age-related macular 
degeneration. 

(Arch Ophthalmol. 
1558) 


1990;108:1556- 


linical methods for the evaluation of 

macular function are limited in 
number. Snellen visual acuity and 
Amsler grid testing are the common 
methods that are easily employed in 
the ophthalmologist’s office. The cen- 
tral 30° visual fields can document the 
area of macular scotoma. Foveal and 
macular electroretinography and visu- 
al-evoked response testing can be used 
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to quantify macular function, but these 
techniques are not widely available in 
the ophthalmologist’s office. In the ex- 
amination of patients with reduced vi- 
sion, macular function testing is often 
performed. However, the easily and 
commonly used measures for macular 
function—Snellen visual acuity and 
Amsler grid testing—do not evaluate 
the pathophysiologic features of the 
disease process. We propose that the 
clinical testing of macular function can 
also be performed with the macular 
photostress test (MPT), a simple and 
easily accessible procedure that can be 
performed in an outpatient office set- 
ting. In addition, it provides another 
means of testing the retina and its 
physiologic function. 

The hypothesis of the MPT involves 
(1) the bleaching of the retinal visual 
pigments by an intense light stimulus, 
(2) the transient state of visual insensi- 
tivity and production of a scotomatous 
afterimage, and (3) the return of reti- 
nal sensitivity due to resynthesis of 
visual pigments in the retinal pigment 
epithelium (RPE)-photoreceptor com- 
plex." The length of time for the initial 
recovery of the bright-light stimulus 
(photostress) and the subsequent suc- 
cessful reading of the Snellen chart is 
referred to as the recovery time (RT). 
The RT presumably is dependent on 
the anatomic and biochemical events 
that occur in the retina as it performs 
the photopic process of vision." In this 
study, the MPT was used to examine 
two disease entities that are known to 
result in impaired macular function: 
diabetic retinopathy and age-related 
macular degeneration (ARMD). 


PATIENTS AND METHODS 
Methods 


Our methods were similar to those used 
by Glaser et al,’ but we used the 6-V setting 
of the indirect ophthalmoscope, held 10 cm 
away from our patients. The indirect oph- 
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thalmoscope employs a 6-V tungsten bulb. 
Patients with dilated pupils were tested 
with a standard Snellen visual acuity chart 
at 6 m. With the opposite eye shielded, the 
patient looked into the light source of an 
indirect ophthalmoscope, held 10 em away 
from the eye, for 10 seconds. Visual acuity 
testing was continuous until the pretesting 
visual acuity was attained. A minimum of 
three letters of the visual acuity line was 
accepted. Total time required to read the 
visual acuity line was designated as the RT. 


Eligibility Criteria 


Patients were recruited from the W. P. 
Beetham Eye Unit of the Joslin Diabetes 
Center and the Retina Associates, Boston, 
Mass. Eligibility criteria included age be- 
tween 18 and 79 years and visual acuity 
within the range of 20/15 to 20/80. Glaser 
and coworkers reported that there are a 
limited number of large test letters at levels 
of 20/100 through 20/400, and thus 20/80 
was established as an end point for eligibil- 
ity criteria. We used this as one of our 
eligibility criteria. Four groups of patients 
were tested: patients with early back- 
ground diabetic retinopathy (BDR), diabet- 
ic patients with clinically significant macu- 
lar edema (CSME) according to the Early 
Treatment Diabetic Retinopathy Study,’ 
those with early ARMD, and normal pa- 
tients (those without diabetes or macular 
disease), 

Background diabetic retinopathy is char- 
acterized by microaneurysms as well as dot, 
blot hemorrhages and hard exudates and 
the absence of macular edema or cotton- 
wool spots. Patients with BDR were exam- 
ined by indirect ophthalmoscopy or slit- 
lamp biomicroscopy with the Hruby lens or 
90-diopter lens. 

Patients with CSME who were included 
in our study had macular edema as defined 
by the Early Treatment Diabetic Retinopa- 
thy Study’ and visual acuity between 20/15 
and 20/80; if their visual acuity was worse 
than 20/20, macular edema was the pre- 
sumed cause for decreased vision. This 
group excluded those patients with cotton- 
wool spots or other, more severe nonproli- 
ferative diabetic changes in the presence of 
macular edema. 

The patients with ARMD exhibited only 
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soft or hard drusen. Patients with disciform 
sears were excluded from the study, as 
were those with other preexisting ocular 
conditions, such as cataract, glaucoma, or 
uveitis, that caused the decreased vision. 
Under the testing conditions of our 
study, volunteers were tested during a 
training session with the indirect ophthal- 
moscope set at the 6-V setting, held 10 cm 
away from the tested eye. A timepiece with 
a second hand was used to record the 
information. Each patient was tested once. 


Exclusion Criteria 


Patients with visual acuity less than 20/80 
were excluded from the study. Patients 
with uncontrollable glaucoma or opaque me- 
dia and uveitis were excluded from the 
study as well. 


Data Analysis 


The RTs were recorded for those eyes of 
patients who met the eligibility criteria; 
thus, both eyes of 41 patients and one eye of 
39 patients were tested. For those 41 pa- 
tients, the RT of one eye was randomly 
selected by a coin toss for analysis, as 
inclusion of both eyes in patients with two 
affected eyes would bias the results. Thus, 
the data analysis included 80 eyes of 80 
patients. The data were analyzed with use 
of the nonparametric Mann-Whitney U test 
to compare the RT between the control 
group of eyes and eyes with BDR, CSME, 
and ARMD. Spearman’s correlation was 
computed for RT and age, visual acuity, 
and duration of diabetes. Age-matching of 
patients was performed by taking pairs of 
patients whose ages were equal to or within 
3 years of each other, eg, the RT of patient 
X with ARMD who is 71 years of age was 
compared with the RT of patient Y without 
ARMD who is 71 (+3) years of age. 


Clinical Characteristics 


A total of 80 eyes of 80 patients were 
included for data analysis. The age range of 
the patients was 18 to 79 years (median, 
34.5 years; mean, 51.7 years; SD, 19.4 
years). The visual acuity of the 32 female 
and 48 male patients in the study ranged 
from 20/15 to 20/80. The pupil size was 
5 to 10 mm (median, 7 mm; mean, 7.7 mm; 
SD, 0.92 mm). The RTs ranged from 5 to 
335 seconds (median, 20 seconds; mean, 
47.2 seconds; SD, 73.7 seconds) (Table). 
Forty of the 45 diabetic patients were insu- 
lin dependent. Among the total 80 patients, 
16 had hypertension. Fifteen of the 16 
patients with hypertension also had insulin- 
dependent diabetes; the remaining patient 
had diabetes but did not have hypertension. 
None of the patients had renal failure re- 
quiring dialysis. 


RESULTS 


The group of eyes with early BDR 
had shorter RTs (median, 9 seconds) 
than those with CSME (median, 20 
seconds) (P=.01) and ARMD (median, 
90 seconds) (P=.0001). When the 18 
normal eyes and 28 eyes with BDR 
were compared, their RTs were simi- 
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Clinical Characteristics * 


All BDR 


CSME ARMD Normal 


No. of patients 80 2 


8 17 17 18 
8 17 17 18 


No. of eyes 80 2 


18-79 18-65 


(51.7, 19.1, 


(38.7, 16.3, 


28-76 59-79 18-77 


(57.7, 14.8, (72, 5.3, (47.1, 17.3, 





34.5) 36.5) 
Sex, F/M 32/80 


Visual acuity 20/ 15- 
20/70 


(47.2. 73.7, 
20) 9) 
Pupil 5-10 5-9 
size, mm (7.7, 0.92, (7.8, 0.92, 
7) 8) 


(16.3, 14.1, 


63) 


20/20- 


20/70 


(61.1, 79.4, (122.9, 106.9, (23.2, 13,7, 
20) 90) 15) 


5-8 5-8 


(7.2, 0.88, (7.2, 1.0, (7.8, 0.92, 
7) 7) 8) 





* BDR indicates early background diabetic retinopathy; CSME, clinically significant macular edema; ARMD, 
age-related macular degeneration; and RT, recovery time. Numbers in parentheses indicate mean, SD, median. 
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Fig 1.—Data analysis of recovery times for eyes with age-related macular degeneration 
(ARMD) and clinically significant macular edema (CSME) by the Mann-Whitney U test (P = .03) 


after macular photostress testing. 


lar. The RTs of the eyes with CSME 
(range, 7 to 300 seconds; median, 20 
seconds) were greater than in those 
whose ophthalmologic examinations 
yielded normal findings (range, 7 to 50 
seconds; median, 15 seconds), showing 
a trend that was not statistically signif- 
icant (P=.3). Whereas the maximum 
RT was 50 seconds in the group of 
normal eyes, the maximum RT in the 
eyes with CSME was 300 seconds. 

The RTs of 17 eyes with ARMD 
were significantly greater than those 
of normal eyes (P=.006) or eyes with 
BDR (P=.001). The RTs for the eyes 
with ARMD were greater than for the 
eyes with CSME (P=.03) (Fig 1). The 
RTs of patients with ARMD were sig- 
nificantly greater than for those with- 
out ARMD (P=.0001) (Fig 2). In sev- 
en pairs of age-matched patients older 


than 69 years, the RTs of those with 
ARMD (median, 225 seconds; mean, 
225.7 seconds; SD, 83.1 seconds) were 
greater than for those without ARMD 
(median, 22 seconds; mean, 29.6 sec- 
onds; SD, 22.8 seconds) (P = .003). 

For the categories of eyes tested— 
normal, BDR, ARMD, and CSME— 
Spearman’s correlation was computed 
for RT and age and RT and visual 
acuity. We found that RT with respect 
to age and visual acuity did not corre- 
late in a statistically significant man- 
ner. In addition, visual acuity and age 
did not correlate significantly. The RT 
does not correlate with the duration of 
diabetes in the diabetic patients. The 
RTs for those patients with and with- 
out systemic hypertension showed no 
statistically significant difference by 
the Mann-Whitney U test. 
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Fig 2.—Data analysis of recovery times for patients older than 69 years of age with and without 
age-related macular degeneration (ARMD) by the Mann-Whitney U test (P = .003). 


COMMENT 


The MPT has been used for the past 
three decades for varying presenta- 
tions of retinal problems. Uveitis, ta- 
petoretinal degeneration,’ and optic 
nerve disease’* have been tested with 
use of the MPT. This report examined 
the findings in early ARMD and early 
BDR, where the visual acuity in the 
tested eyes was better than 20/80. To 
our knowledge, the RTs in patients 
with early ARMD and diabetic macu- 
lar edema have not been examined 
previously. 

In this study, visual acuity did not 
significantly correlate with age. In ad- 
dition, RTs did not increase with age 
or with worsening visual acuity in a 
statistically significant manner. In 
those age-matched patients older than 
69 years, the RTs in those patients 
with ARMD were significantly greater 
than in those without ARMD. It seems 
apparent that the disease process af- 
fects the RT. In the group of patients 
with macular edema and ARMD, their 
mean and median RTs were greater 
than those of the normal eyes or eyes 
with BDR. 

In an examination of earlier studies 
of patients with episodic unilateral” 
and bilateral” visual loss to bright- 
light stimulus, we found that such pa- 
tients have associated carotid occlusive 
disease. Wiebers and coworkers” pos- 
tulated that these patients have re- 
duced choroidal blood flow, which then 
causes a subsequent delay of the re- 
generation of visual pigments in the 
RPE. As a corollary, any problem of 
the RPE, which plays a central role in 
processing visual pigments, thereby 


would cause a similar disturbance in 
the pigment kinetics and affect the RT. 

The eyes with ARMD in which the 
anatomic lesion involves the RPE-pho- 
toreceptor complex has a markedly 
prolonged RT. Drusen are deposits in 
Bruch’s membrane that are contiguous 
to the RPE cells. Such localized depos- 
its may reflect dysfunction of the over- 
lying RPE cell.”” It is the RPE cell 
that plays an important role in the 
storage and transport of retinol (vita- 
min A), an essential component of the 
visual pigment rhodopsin. A consider- 
able portion of the metabolism of the 
RPE involves the ingestion and de- 
struction of the membranes shed by 
the photoreceptor cells.” If the pro- 
cess of shedding, phagocytosis, and 
photoreceptor renewal is disturbed in 
the face of disease processes such as 
ARMD, where the RPE and photore- 
ceptor interaction is anatomically de- 
ranged, one can expect an abnormal 
processing of the light as it bleaches 
the rhodopsin in the photoreceptors. 
The prolonged macular RT in the eyes 
with ARMD may reflect the anatomic 
lesion in the RPE-photoreceptor com- 
plex. In comparison, the eyes with 
macular edema whose lesion is in the 
outer retina rather than the RPE cell 
show a less-prolonged abnormal RT 
than the eyes with ARMD. It is inter- 
esting that the eyes with macular ede- 
ma, some of which have excellent visu- 
al acuity (in the range of 20/20 to 
20/40), still show a prolongation of the 
RT compared with normal eyes. The 
comparison of the eyes with ARMD to 
those with CSME indicates a differ- 
ence in the RTs. A possible explana- 
tion for this finding is that the differ- 
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ence between these two disease 
processes is in the location of the reti- 
nal lesion. The eyes with BDR, with 
hard exudates and dot and blot hemor- 
rhages, have lesions that involve the 
inner retinal layers and do not show a 
significant prolongation of the RT. 

The theoretical basis of the MPT 
cannot be directly tested or validated 
in the clinical situation. The MPT may 
measure physiologic function of the 
retina, but much still needs to be 
learned about its precise mechanism of 
action. Our study has provided some 
interesting results, and the test may 
prove to be a useful tool for macular 
function testing in the office setting. 
Future testing of other retinal disease 
disorders will enable us to evaluate the 
MPT more fully. 
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Surgical Techniques and Reattachment Rates in 


Retinal Detachment due to Macular Hole 


Shoji Kuriyama, MD; Miyo Matsumura, MD; Takafumi Harada, MD; Hitoshi Ishigooka, MD; Nobuchiki Ogino, MD 


è We evaluated reattachment rates of 
the transvitreal and transscleral tech- 
niques for treating 250 eyes with retinal 
detachment due to macular hole. The 
initial success rate of the transvitreal 
approach was 56% (53/94). There was no 
difference between the results of gas 
tamponade alone and vitrectomy and gas 
tamponade. The initial success rate of 
the transscleral approach was 83% 
(130/156). Macular diathermy and macu- 
lar buckling showed a higher reattach- 
ment rate than macular diathermy alone. 
The final success rates were the same 
(95%), regardless of which approach was 
selected as an initial technique. The pa- 
tients whose initial transvitreal reattach- 
ment failed and who underwent addition- 
al transvitreal procedures (including 
macular laser photocoagulation) showed 
a success rate of 93%. We believe that 
gas tamponade, which has possibility of 
better visual prognosis, should be se- 
lected as an initial technique because the 
final success rate was found to be the 
same regardless of the initial surgical 
techniques. 

(Arch Ophthalmol. 
1561) 
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Surgical techniques for treating reti- 

nal detachment due to macular hole 
have changed over the last decade. In 
1982, Gonvers and Machemer’ de- 
scribed a new technique that involved 
vitrectomy and gas tamponade. Subse- 
quently, some new techniques were 
investigated by Miyake’ (subretinal 
fluid drainage and gas tamponade) and 
Blodi and Folk’ (paracentesis and gas 
tamponade). Consequently, the trans- 


Accepted for publication June 6, 1990. 

From the Department of Ophthalmology, Kyoto 
(Japan) University Faculty of Medicine. 

Reprint requests to Department of Ophthalmol- 
ogy, Kyoto University Faculty of Medicine, Kyoto 
606, Japan (Dr Kuriyama). 


Arch Ophthalmol— Vol 108, November 1990 


vitreal approach has become important 
in the treatment of retinal detachment 
due to macular hole, along with the 
transscleral approach, which includes 
macular coagulation and macular buck- 
ling. At present, we select a single 
technique or a combination of two or 
three from among many techniques 
based on the success rate, visual prog- 
nosis, technical difficulty, complication 
frequency, and preoperative and post- 
operative care. Among these factors, 
success rate is the most important. 
Recently, there have been numerous 
reports on the surgical treatment of 
retinal detachment with macular hole 
using the transvitreal approach.*” 
However, there seem to be few re- 
ports in which the success rates of 
many operation techniques” are com- 
pared. The success rate and visual 
prognosis of each surgical technique 
need to be evaluated, and a proper 
plan needs to be made to treat retinal 
detachment due to macular hole. In 
our study, we focused on the success 
rate. 


MATERIALS AND METHODS 


Between 1976 and 1988, 261 eyes of 258 
patients (49 men, 209 women; 19 aphakic; 
all with high myopia) with retinal detach- 
ment due to macular holes but without 
peripheral retinal breaks, treated at Kyoto 
(Japan) University, were reviewed. The 
surgical techniques employed included the 
following: 

1. Transvitreal approach: gas tamponade 
alone (34 eyes); gas tamponade and equato- 
rial scleral buckling (six eyes); gas tampon- 
ade and laser photocoagulation (eight eyes); 
vitrectomy and gas tamponade (36 eyes); 
vitrectomy, gas tamponade, and equatorial 
scleral buckling (10 eyes). 

2. Transscleral approach: macular dia- 
thermy and equatorial scleral buckling (36 
eyes); macular buckling and equatorial 
scleral buckling (three eyes); macular dia- 


thermy, macular buckling, and equatorial 
scleral buckling (118 eyes). 

In most cases, using the transscleral ap- 
proach, equatorial scleral buckling (encir- 
cling, fixing silicone sponge, scleral infold- 
ing, and scleral resection) was combined 
with each surgical technique. 

Cases in which both the transvitreal and 
transscleral approaches were initially per- 
formed were excluded from the evaluation. 
Eventually, 250 eyes were evaluated. An 
initial success is a case in which the initial 
operation achieved complete reattachment. 
A final success is a case in which complete 
reattachment was achieved by the initial 
operation or by subsequent operations 
when the initial operation failed. Reattach- 
ment was judged 6 months after the final 
operation. Only complete reattachment was 
judged successful. 

Operations were performed an average of 
1.3 times overall: 1.1 times per eye to 
achieve final success in initial transscleral 
cases, and 1.6 times per eye to achieve final 
success in initial transvitreal cases. Al- 
though some complications (vitreous hem- 
orrhage, cataract, new tear formation, and 
proliferative vitreoretinopathy) occurred, 
we did not evaluate them in this study. 
Extent of retinal detachment was variable 
from locally confined detachment to totally 
bullous detachment. 

Until 1983, the transscleral approach was 
selected as an initial and subsequent tech- 
nique, although there was no apparent reg- 
ulation on which transscleral techniques 
should be chosen. From 1984 to 1985, vi- 
trectomy was mainly selected as an initial 
technique. After 1986, gas tamponade was 
selected as an initial technique except in 
cases in which vitreal traction to the macula 
was apparent. There was no clear regula- 
tion on the selection of reoperation tech- 
niques during all the periods. 


RESULTS 
Initial Success Rate 


For the transvitreal approach (Table 
1), the initial success rate of gas tam- 
ponade alone with air or sulfur hexaflu- 
oride was 59% (20/34) and that of gas 
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tamponade with equatorial scleral 
buckling was 83% (5/6). There was no 
significant difference between the suc- 
cess rates. The initial success rate of 
vitrectomy and gas tamponade (fluid- 
gas exchange or gas injection) with 
equatorial scleral buckling was 50% 
(18/36). This procedure without equa- 
torial scleral buckling had a success 
rate of 60% (6/10). There was no appar- 
ent difference between the results of 
the two techniques. Consequently 
there was no significant difference be- 
tween the results of gas tamponade 
alone and vitrectomy and gas tampon- 
ade, and between the results of proce- 
dures with and without equatorial 
scleral buckling. The overall initial suc- 
cess rate of the transvitreal approach 
was 56% (53/94). 

The initial success rates of the tech- 
niques using the transscleral approach 
(Table 1) were as follows: macular dia- 
thermy, 75% (27/36); macular buckling, 
100% (3/3); and macular diathermy and 
macular buckling, 86% (101/118). The 
total initial success rate was 83% 
(180/156). There was a significant dif- 
ference in the success rates between 
macular diathermy alone and macular 
diathermy and macular buckling 
(P<.01). Macular buckling alone could 
not be investigated since there were 
too few cases. 


Final Success Rate (Table 2) 


The final success rate of the initial 
transvitreal approach was 95% (81/85) 
(Table 2). The transscleral approach 
had a final success rate of 95% 
(104/110), which was comparable with 
that of the transvitreal approach. 


Patients Whose Initial 
Operations Failed 


The reoperation techniques of the 18 
eyes in which initial gas tamponade or 
gas tamponade and laser photocoagula- 
tion failed are shown in Table 3. The 
final success rate was 94% (17/18). In 
one case, reoperation three times with 
vitrectomy and macular endophotoco- 
agulation was still unsuccessful. 

The reoperation techniques in the 22 
eyes in which initial vitrectomy and 
equatorial scleral buckling failed, are 
shown in Table 4. In one of the five 
eyes that were treated with gas tam- 
ponade and laser photocoagulation, the 
operations were unsuccessful. Howev- 
er, for all the others, the operations 
were ultimately successful. Conse- 
quently, the final success rate was 91% 
for all the methods without trans- 
scleral approach to the macula. Suc- 
cess was ultimately achieved in all 10 
eyes that underwent reoperation with 
transscleral approach to the macula. 





Surgical Techniques 
Transvitreal approach 
Gas tamponade 
Gas tamponade and equatorial scleral 
buckling 
Gas tamponade and laser 
photocoagulation 
Vitrectomy and gas tamponade 
Vitrectomy and gas tamponade and 
equatorial scleral buckling 
Subtotal 


Transcleral approach 

Macular diathermy (and equatorial scleral 
buckling) 

Macular buckling (and equatorial scleral 
buckling) 

Macular diathermy and macular buckling 
(and equatorial scleral buckling) 

Subtotal 


Initial Surgical Techniques 


Transvitreal approach 
Gas tamponade (and equatomial 
scleral buckling) 


Vitrectomy and gas tamponade (and 
equatorial scleral buckling) 

Gas tamponade and laser 
photocoagulation 

Subtotal 


Transcleral approach 
Macular diathermy (and equatorial 
scleral buckling) 


Macular buckling (and equatorial 
scleral buckling) 


Macular diathermy and macular buckling 
(and equatorial scleral buckling) 
Subtotal 
Total 


Table 1.—lInitial Reattachment Rates | 


Total 250 183 (73) 


Table 2.—Final Reattachment Rates 

















No. (%) of 
No. of Eyes Reattachments 

34 20 (59) 
6 5 (83) 
8 4 (50) 
36 18 (50) 
10 6 (60) 
94 53 (56) 
36 27 (75) 

3 3 (100) 
118 101 (86) 
157 131 (83) 























No. (%) of 
No. of Eyes Reattachments 

37 36 (97) 
41 39 (95) 
7 6 (86) 
85 81 (95) 
31 29 (94) 

1 1 (100) 
78 74 (95) 
110 104 (95) 
195 185 (95) 






Table 3.—Reattachment Rates When Gas Tamponade or Gas Tamponade and Laser 
Photocoagulation Initially Failed 


Reoperation Techniques 


No. of 


No. of Eyes Reattachments 


Gas tamponade and laser photocoagulation 


6 6 
Vitrectomy (and scleral resection or 
encircling) 5 5 


Vitrectomy and laser photocoagulation (and 
scleral resection or encircling) 


Scleral resection and gas tamponade 


Macular buckling 


Total 


COMMENT 


The initial success rate of the trans- 
vitreal approach was 56%, and that of 
the transscleral approach was 83%. 
This indicates that, by our criterion, 
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5 4 
1 
1 


1 
1 
18 17 (94%) 


the transscleral approach is superior. 
The final success rate of the trans- 
scleral approach was 95%. Past re- 
ports” concerning the success rate of 
treatment of retinal detachment due to 
macular hole by the transscleral tech- 
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_ Transvitreal approach 
Gas tamponade 


Gas tamponade and laser 
photocoagulation 


Vitrectomy (and endophotocoagulation) 
Scleral resection and gas tamponade 
Total 


_ Transscleral approach 
Macular buckling (and macular diathermy) 





nique reveal stable initial success rates 
of 78% to 85% and final success rates of 
87% to 96%. These facts suggest that 
the transscleral approach is a mature 
technique concerning reattachment. In 
this article, we reveal that the final 
success rate using the transvitreal ap- 
proach as an initial technique was as 
high (95%) as that using the trans- 
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. Table 4.—Reattachment Rates When Vitrectomy Initially Failed 


No. of 
Reoperation Techniques No. of Eyes Reattachments 


1 1 






5 5 
5 4 
1 1 
12 11 (91%) 











10 (100%) 


scleral approach. Regardless of which 
approach is selected as the initial tech- 
nique, the final success rate is the 
same. Accordingly, if gas tamponade 
or vitrectomy is initially unsuccessful, 
the final success rate will not be ad- 
versely affected. Consequently, as an 
initial technique, methods should be 
chosen based primarily on better visu- 
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al prognosis and fewer complications. 
We believe that it is better not to 
directly damage the macula to pre- 
serve macular function. Because there 
was no difference in ultimate success 
rates between gas tamponade and vi- 
trectomy, gas tamponade alone should 
be selected as an initial technique. We 
cannot determine which technique 
should be selected as a secondary one 
if the initial gas tamponade has failed. 
Considering that the cases treated 
with the transvitreal approach as a 
secondary or subsequent technique 
had a success rate of 93%, it is better 
to perform additional gas tamponade 
and laser photocoagulation around the 
macula if the patients can maintain the 
face-down position, as we assume that 
this technique has possibility of better 
visual prognosis. In cases in which 
vitreal traction to the macula is appar- 
ent, it is better to perform vitrectomy. 
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Optic Nerve Hypoplasia 


Identification by Magnetic Resonance Imaging 


Michael C. Brodsky, MD; Charles M. Glasier, MD; 
Stephen C. Pollock, MD; Edgardo J. C. Angtuago, MD 


è High-resolution magnetic resonance 
images of the intracranial optic nerves 
and chiasm were obtained in 15 patients 
with severe optic nerve hypoplasia. 
These were compared, in a double-blind 
manner, with similar images from 30 age- 
matched controls. On both coronal and 
sagittal images, hypoplastic optic nerves 
were thin and demonstrated signal atten- 
uation when compared with normal optic 
nerves. All patients with severe bilateral 
optic nerve hypoplasia also had diffuse 
chiasmal hypoplasia, which was seen 
best on coronal images. Patients with 
unilateral or asymmetrical optic nerve 
hypoplasia had variable chiasmal abnor- 
malities. The degree to which the mag- 
netic resonance diagnosis of optic nerve 
hypoplasia matched the clinical diagno- 
sis was highly significant (P<.001, Fish- 
er’s Exact Test) for both coronal and 
sagittal views of the intracranial optic 
nerves. Oblique axial and coronal views 
of the orbital optic nerves did not reliably 
distinguish optic nerve hypoplasia from 
normal optic nerves. High-resolution 
magnetic resonance imaging is a useful 
diagnostic modality to identify small op- 
tic nerves neuroradiologically. 

(Arch Ophthalmol. 1990;108:1562- 
1567) | 


(Q) rtie nerve hypoplasia is a congeni- 

tal anomaly of unknown etiology 
that has become recognized as a major 
cause of blindness in children. It is 
characterized by subnormal vision and 
a subnormal number of optic nerve 
axons, and may be unilateral or bilat- 
eral. When bilateral, it is often associ- 
ated with hypopituitarism, absence of 
the septum pellucidum, agenesis of the 
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corpus callosum, and dysplasia of the 
anterior third ventricle.” This constel- 
lation of findings is referred to as 
septo-optic dysplasia. 

Magnetic resonance (MR) imaging 
has emerged as a sensitive diagnostic 
modality for delineating congenital 
central nervous system malformations. 
Since MR provides multiplanar imag- 
ing and high-contrast resolution, the 
optic nerves and chiasm can be clearly 
visualized as distinct, well-defined 
structures. One might therefore ex- 
pect high-resolution MR imaging to 
show abnormally small anterior visual 
pathways in optic nerve hypoplasia, 
allowing neuroradiologic diagnosis of 
this condition. To test this hypothesis, 
we obtained high-resolution MR im- 
ages of the optic nerve and chiasm in 
15 patients with severe optic nerve 
hypoplasia, and compared them with 
30 age-matched controls. 


PATIENTS AND METHODS 
Patient Population 


Fifteen patients with severe unilateral or 
bilateral optic nerve hypoplasia and de- 
creased visual acuity were examined at 
Arkansas Children’s Hospital, Little Rock, 
during a l-year period. Medical histories 
and chart reviews were obtained to evalu- 
ate height percentile for age, history of 
hormone replacement, neonatal jaundice, 
neonatal hypoglycemia, mental retardation, 
seizures, and behavioral problems. Neuro- 
ophthalmic examination included visual acu- 
ity, testing for an afferent pupillary defect, 
evaluation of nystagmus, visual field testing 
(when possible), and optic disc and retinal 
examination. Visual acuity testing was per- 
formed with an optokinetic drum in children 
aged younger than 3 years, with Allen 
picture cards (maximal obtainable acuity, 
20/30) in children aged 3 to 5 years, and 
with standard Snellen’s charts in patients 
aged 6 years and older. Using a direct 
ophthalmoscope, optic nerve hypoplasia 
was subjectively graded by a neuro-oph- 
thalmologist (M.C.B.) as mild, moderate, or 
severe. Only patients with severe optic 
nerve hypoplasia and visual loss in at least 
one eye were entered in the study. 
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Patient ages ranged from 6 months to 23 
years. Eleven of 15 patients had severe 
bilateral optic nerve hypoplasia, bilateral 
visual loss, and nystagmus. Of the remain- 
ing four patients, two had severe unilateral 
optic nerve hypoplasia, and two had severe 
optic nerve hypoplasia in one eye with mild 
or moderate optic nerve hypoplasia in the 
other. Eight patients had midline intracra- 
nial abnormalities consistent with septo- 
optic dysplasia. Of these, one had docu- 
mented growth hormone deficiency. 


MR Imaging 


Before MR imaging, children aged 5 
years and younger were sedated with pen- 
tobarbital sodium, 5 to 6 mg/kg intrave- 
nously. Magnetic resonance images were 
obtained with a 1.5-T system (General Elec- 
tric Signa System, Milwaukee, Wis). Imag- 
ing parameters included a 256 x 192 acquisi- 
tion matrix, a 20-cm field of view, and two 
excitations. Sagittal and coronal T,-weight- 
ed spin-echo images (echo time=20 milli- 
seconds, repetition time =600 to 800 milli- 
seconds) of the intracranial optic nerves and 
optic chiasm were obtained using 5-mm 
contiguous sections. 

Three-millimeter contiguous oblique axial 
images in the plane of the intraorbital optic 
nerves were also obtained. Coronal and 
sagittal images of the intracranial optic 
nerves and chiasm were reviewed by a 
neuroradiologist (E.J.C.A.) who was told 
the patient’s age but was unaware of the 
clinical history. The MR scans in our 15 
study patients were presented together 
with those from 30 age-matched controls as 
follows: 10 patients agd 0 to 2 years, 10 
patients aged 2 to 10 years, and 10 patients 
aged 11 years and older. Areas of the scan 
superior to the chiasm were blocked off 
before review, so that midline intracranial 
anomalies would not influence the examin- 
ers interpretation. On each image, the op- 
tic nerves and chiasm were subjectively 
graded as normal or small. Statistical analy- 
sis was then performed separately on six 
separate parameters: coronal view—right 
optic nerve, left optic nerve, and chiasm; 
sagittal view—right optic nerve, left optic 
nerve, and chiasm. Clinical data and MR 
findings in the 15 patients with optic nerve 
hypoplasia are summarized in Table 1. 

Figure 1 shows normal T,-weighted cor- 
onal and sagittal views of the intracranial 
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Clinical Features 


Patient/ Age, 
y/Sex 


1/20/F 20/25 OD, 


LP OS 


20/25 OD, 
LP OS 


20/20 OD, 
NLP OS 


HM OD, 
20/30 OS 


OKN OU 
OKN OU 
1/60 OU 


2/6/F 


3/17/F 


4/4/M 


5/2/M 
6/2/M 
7/2/F 


$ 
4/30 OS 


RAPD 


NYS ENDO 


MOD OD, 
severe OS 


Normal OD, 
severe OS 


Mild OD, 
severe OS 


Severe OD, 
normal OS 


Severe OU 
Severe OU 
Severe OU 
+ Severe OU 
+ Severe OU 


CH-HYP 


10/1/M LP OU Severe OU 


11/5/M 7/30 OD, 


20/30 OS 
OKN OU 
OKN OU 


1/30 OD, 
2/30 OS 


20/300 OU = 


12/3/F 
13/6 mo/M 
14/4/F 


15/6/M 


= + 
+ = 


Severe OU 


Severe OU 
Severe OU 
Severe OU 


+ Severe OU N + 


N + + + + SEC 
N + + + E N 


*MR indicates magnetic resonance; VA, visual acuity; RAPD, relative afferent pupillary defect; NYS, nystagmus; ONH, severity of optic nerve hypoplasia as judged 
by ophthalmoscopy; ENDO, endocrine status; CH-HYP, chiasmal hypoplasia; ON-HYP, optic nerve hypoplasia; SP, septum pellucidum; CC, corpus callosum; LP, light per- 
ception; plus sign, present; MOD, moderate; N, normal; minus sign, absent; SCH, schizencephaly; NLP, no light perception; PC, porencephaly; HM, hand motion; A, ab- 
normal; PPE, posterior pituitary ectopia; OKN, responds to optokinetic stimuli; and SEC, subependymal cyst. 


optic nerves and optic chiasm in a 6-year- 
old child. 


REPORT OF CASES 


CASE 1.—A 23-year-old woman was re- 
ferred for bilateral nystagmus and de- 
creased vision in the left eye since birth. 
Her height was normal, and she had no 
history of endocrine abnormalities. 

Corrected visual acuity was 20/25 OD and 
light perception in the left eye. The left 
pupil reacted sluggishly to light, and she 
had a left afferent pupillary defect. She had 
a rapid, small-amplitude, conjugate left jerk 
nystagmus with a small rotary component. 
Goldmann visual field testing demonstrated 
a superotemporal hemianopic defect in the 
right eye. The right optic dise was moder- 
ately hypoplastic and slightly elevated (Fig 
2, top left). The left optic disc was severely 
hypoplastic and had a “double-ring” sign 
(Fig 2, top right). There was no visible 
peripapillary nerve fiber layer in the left 
eye. 

The T,-weighted coronal MR images 
showed a thin, strandlike chiasm with mini- 
mal thickening at each end (Fig 2, center 
left). Both intracranial optic nerves were 
small, but the left nerve was notably small- 
er than the right and had marked signal 
attenuation on both coronal and sagittal 
views (Fig 2, center right, bottom left, and 
bottom right). The septum pellucidum and 
the infundibulum were absent, and schizen- 
cephaly was noted in the right frontal lobe 
(Fig 2, center right). 

CASE 2.—A healthy 6-year-old girl un- 
derwent strabismus surgery at 1 year of 
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age for congenital esotropia. She was noted 
at that time to have left optic nerve hypo- 
plasia. Results of endocrine studies were 
normal. She was reexamined at the age of 6 
years, at which time her height, weight, 
and intellectual development were normal. 
Corrected visual acuity was 20/25 OD and 
light perception in the left eye. The left 
pupil was unreactive to light, and a left 
afferent pupillary defect was present. She 
had a conjugate right jerk nystagmus that 
increased in right gaze and decreased in left 
gaze. There was a small, variable left exo- 
tropia. The right optic disc was normal (Fig 
3, top left). The left optic disc was severely 
hypoplastic and showed a double-ring sign 
(Fig 3, top right). 

The T,-weighted coronal MR images 
showed normal intensity of the right third 
of the chiasm, with slight thinning and 
marked signal attenuation of the left two 
thirds of the chiasm (Fig 3, center left). 
Coronal images of the intracranial optic 
nerves showed a normal, round, right optic 
nerve and total absence of the left optic 
nerve (Fig 3, center right). No other intra- 
cranial abnormalities were noted. Coronal 
images of the orbital optic nerves showed a 
smaller diameter of the left optic nerve 
sheath than the right (Fig 3, bottom left). 
In addition, a clear delineation between the 
optic nerve and its surrounding nerve 
sheath was evident on the right but not on 
the left (Fig 8, bottom left) An axial 
oblique view of the intraorbital optic nerves 
demonstrated similar findings (Fig 3, bot- 
tom right). The signal was normal along the 
inner aspect of the posterior portion of the 
right globe, but the corresponding signal 
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was thin and attenuated in the left eye (Fig 
3, bottom right). 


RESULTS 


Magnetic resonance diagnosis of op- 
tic nerve hypoplasia was compared 
with clinical (ophthalmoscopic) findings 
for each of the intracranial structures 
examined on MR imaging. Since the 
MR appearance of the optic chiasm 
was variable in our four patients with 
unilateral or asymmetrical optic nerve 
hypoplasia, we only analyzed data for 
chiasmal hypoplasia in patients with 
bilateral optic nerve hypoplasia. Sensi- 
tivity and specificity values for MR 
identification of optic nerve hypoplasia 
are provided in Table 2. 

In all patients with clinically evident 
optic nerve hypoplasia, a reduction in 
intracranial optic nerve diameter was 
noted on coronal MR images. In bilat- 
eral optic nerve hypoplasia, both intra- 
cranial optic nerves were small, 
whereas in unilateral optic nerve hypo- 
plasia, only the hypoplastic nerve was 
small. Thus, the sensitivity of coronal 
MR imaging for identifying optic nerve 
hypoplasia in our study was 100%. 
Sagittal images were only slightly less 
sensitive, with all but one case having 
been correctly interpreted. The accu- 
racy of optic nerve assessment in nor- 
mal individuals with the use of identi- 
cal imaging techniques was similarly 
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Fig 1.—T,-weighted (repetition time = 800 milliseconds, echo time = 20 milliseconds) magnetic resonance image of the 
intracranial optic nerves and chiasm in a normal 6-year-old child. Top left, Coronal view of normal intracranial optic nerves 
shows normal thickness and round to oval configuration (arrow denotes right optic nerve). Top right, Coronal view of normal 
optic chiasm shows thick, horizontal bar-shaped configuration centraily. Note nodular enlargements at each end, resulting 
from volume averaging with prechiasmatic optic nerves (arrow). Bottom left, Sagittal view of normal intracranial optic nerve 
(arrow). Bottom right, Sagittal view of normal optic chiasm (arrow). 


high. Only two of 60 coronal optic 
nerve images and two of 58 sagittal 
optic nerve images from control pa- 
tients were identified as showing optic 
nerve hypoplasia, indicating that the 
MR techniques employed were highly 
specific. Comparison of radiologic in- 
terpretation of the optic chiasm with 
clinical findings in patients with optic 
nerve hypoplasia and in the control 
patients also revealed close corre- 
lation. 

Statistical analysis of these data 
showed them to be highly significant 
(P<.001, Fisher’s Exact Test). 


COMMENT 


The purpose of this study was to 
determine whether MR imaging of the 
optic nerves and chiasm can reliably 
identify optic nerve hypoplasia and, if 
so, to determine which views are opti- 
mal for imaging this anomaly. While 
computed tomographic scanning is use- 
ful in documenting many of the midline 
intracranial abnormalities that fre- 
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quently coexist with optic nerve hypo- 
plasia, direct visualization of the intra- 
cranial optic nerves and chiasm is 
hindered by beam-hardening artifacts 
that are projected from surrounding 
bone in the region of the sella turcica.' 
It has been shown that computed 
tomographic scanning of the orbital 
optic nerves does not reliably identify 
orbital optic nerve hypoplasia.” By 
contrast, the improved spatial resolu- 
tion of current high-field MR imagers 
allows the intracranial optic nerves 
and chiasm to be visualizec as distinct 
structures within the subarachnoid 
space. In addition, MR imaging is a 
sensitive modality for detecting associ- 
ated intracranial malformations in pa- 
tients with septo-optic dysplasia. Re- 
cent reports of MR imaging in septo- 


optic dysplasia have demonstrated 
schizencephaly,”” posterior pituitary 


ectopia,’ and infundibular hypoplasia” 

as associated findings, leading to an 

expanded definition of this syndrome. 
Barkovich et al’ described MR find- 
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ings in 11 patients with septo-optic 
dysplasia, but they noted chiasmal and 
optic tract hypoplasia in only seven 
patients. They concluded that MR im- 
ages of the intracranial visual path- 
ways could appear to be normal in 
patients with clinical optic nerve hypo- 
plasia. In our patients, optic nerve 
hypoplasia was correctly identified on 
coronal MR images in all cases; a cor- 
rect diagnosis was made on sagittal 
views in all but one case. In patients 
with bilateral optic nerve hypoplasia, 
coronal images demonstrated chiasmal 
hypoplasia in all cases, and sagittal 
images identified it in all but one case. 
It was rare for a normal optic nerve or 
chiasm to be interpreted as small. 
These results may reflect our patient 
selection criteria; only patients with 
severe optic nerve hypoplasia were 
included in the study. 

In patients with optic nerve hypo- 
plasia, coronal T,-weighted optic nerve 
images displayed one of three configu- 
rations. In two patients (Nos. 1 and 4), 
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Fig 2.— Optic disc photographs and T ,-weighted (repetition time = 600 milliseconds, echo time = 20 milliseconds) magnetic 
resonance images of optic nerve and chiasmal hypoplasia in patient 1. Top left, Right optic disc shows mild to moderate 
optic nerve hypoplasia, most prominent nasally. There is a “double-ring” sign, with arrows denoting the temporal margin of 
the hypoplastic optic disc. Top right, Left optic disc shows severe optic nerve hypoplasia with double-ring sign. Arrow 
denotes the temporal margin of the hypoplastic optic disc. Center left, Coronal view of hypoplastic optic chiasm (arrow) 
shows marked thinning along its entire length. Note absence of the pituitary stalk. Center right, Coronal view of hypoplastic 
intracranial optic nerves shows mild thinning of the right optic nerve (arrow, at left) and severe thinning and attenuation of 
the left optic nerve signal (arrow, at right). Note area of schizencephaly with contiguous squaring of the frontal horn of the 
right lateral ventricle. Bottom left, Sagittal view of mildly hypoplastic right optic nerve (arrow) shows mild, diffuse thinning. 
Bottom right, Sagittal view of severely hypoplastic left optic nerve (arrow) shows marked diffuse thinning and signal 
attenuation. 
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with asymmetrical optic nerve hypo- in the more hypoplastic nerve (Fig 2, any visible signal from the hypoplastic 
the hypoplastic nerves ap- center right). In two patients with nerve (Fig 3, center left). In the re- 
peared as small, round to oval struc- severe unilateral optic nerve hypopla- maining 11 patients with bilateral, se- 


tures, with marked signal attenuation sia (Nos. 2 and 3), there was absence of vere optic nerve hypoplasia, the optic 
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Fig 3.— Optic disc photographs and T ,-weighted (repetition time = 800 milliseconds, echo time = 20 milliseconds) magnetic 
resonance images of optic nerves and chiasm in patient 2. Top left, Right optic disc shows normal appearance. Top right, 
Left optic disc shows severe optic nerve hypoplasia with a “double-ring” sign. Arrow denotes the temporal margin of the 
hypoplastic optic disc. Center left, Coronal view of the optic chiasm (arrow) shows normal signal intensity of the right third of 
the chiasm and marked signal attenuation of the left two thirds of the chiasm. Center right, Coronal view of the intracranial 
optic nerves shows normal thickness and round configuration of the right optic nerve (arrow) and total absence of the left 
optic nerve. Bottom left, Coronal view of the intraorbital optic nerves shows the right optic nerve sheath larger than the left 
(arrow denotes left optic nerve sheath). Note that the optic nerve signal is visible within the right optic nerve sheath but 
absent within the left sheath. Bottom right, Oblique axial view of the intraorbital optic nerves shows a normal right optic nerve 
within its sheath and total absence of the left optic nerve within its sheath (black arrow). Note thinning and signal attenuation 
of the inner aspect of the posterior portion of the left globe compared with the corresponding area of the right globe (white 
arrowheads). 

interval in which the optic nerves di- 


nerves appeared as thin, discrete, ration that is seen in the majority of 


obliquely oriented strands, with the 
lateral aspects lower than the medial 
aspects. This distinct, angled configu- 
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hypoplastic intracranial optic nerves 
probably results from volume averag- 
ing of the MR image over a 5-mm 
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verge from the chiasm and course 
downward and laterally toward each 
orbit. Sagittal T,-weighted images of 


Optic Nerve Hypoplasia—Brodsky et al 









Table 2.—Sensitivity and 


Coronal view 
RON 14/14 30/31 
LON 14/14 30/31 
Chiasm 11/11 29/30 
Sagittal view 
RON 13/14 31/31 
LON 12/13 27/29 
Chiasm 10/11 28/30 


a EOB BaF 2 ates eo aN 


_ ON-HYPT Controlst Sensitivity Specificityt 








100 (77, 100) 97 (88, 99.9) 
100 (77, 100) 97 (88, 99.9) 
100 (72, 100) 97 (83, 99.9) 








93 (66, 99) 100 (88, 100) 
92 (64, 99.8) 93 (77, 99) 
91 (59, 99.8) 93 (78, 99) 





*MR indicates magnetic resonance; ON-HYP, optic nerve hypoplasia. 
tFractions represent number correctly identified / total number examined. 
Numbers in parentheses represent 95% confidence limits. 


hypoplastic optic nerves showed dif- 
fuse thinning and signal attenuation of 
the affected nerves. 

The ability of MR imaging to identi- 
fy optic nerve hypoplasia is dramatical- 
ly demonstrated in patients with uni- 
lateral or asymmetrical optic nerve 
hypoplasia. This is shown in Fig 2, in 
which the size of the intracranial optic 
nerves on coronal and sagittal images 
correlates well with the degree of clini- 
cal optic nerve hypoplasia. This is also 
shown in coronal views in Fig 3, in 
which there is total absence of signal 
from the hypoplastic left optic nerve. 
One might expect that MR imaging 
would be a less sensitive indicator of 
optic nerve hypoplasia in cases where 
the degree of clinical hypoplasia is 
relatively mild. While further experi- 
ence with MR imaging will be required 
to validate or refute this hypothesis, it 
should be noted that, in both of the 
study patients with mild or moderate 
optic nerve hypoplasia and good visual 
acuity (Nos. 2 and 3), coronal MR 
imaging demonstrated a reduction in 
optic nerve size. 

All patients with severe bilateral 
optic nerve hypoplasia had diffuse chi- 
asmal hypoplasia. This was best seen 
on T -weighted coronal views that pro- 
vided visualization of the chiasm along 
its entire length. In these patients, the 
chiasm appeared either as a markedly 
attenuated, horizontal strand with 
variable thickening at either end, or as 
a thin, angulated structure with its 
sides inclined downward, producing an 
A-shaped configuration. This appear- 
ance may reflect volume averaging of 
the chiasm with the prechiasmatic op- 
tic nerves over several millimeters. 
Sagittal views of the central chiasm 
showed marked thinning of the normal 
oval-shaped structure to a linear 
strand. 

Magnetic resonance imaging demon- 
strated variable chiasmal abnormali- 
ties in patients with unilateral or 
asymmetrical optic nerve hypoplasia. 
In one patient with asymmetrical hy- 


Arch Ophthalmol—Vol 108, November 1990 


poplasia and in another with unilateral 
hypoplasia, the chiasm appeared to be 
diffusely thin on coronal images (cases 
1 and 4, Fig 2, center left). In one 
patient with unilateral optic nerve hy- 
poplasia, the chiasm was of normal 
intensity on the side of the normal 
optic nerve and slightly thin and atten- 
uated on the side of the hypoplastic 
nerve (case 2, Fig 3). Another patient 
with asymmetrical optic nerve hypo- 
plasia showed focal absence of the lat- 
eral third of the chiasm on the side of 
the severely hypoplastic nerve (case 
3). 

We obtained 3-mm oblique axial and 
coronal images of the orbital optic 
nerves in all patients. In marked con- 
trast to the results of MR imaging of 
the intracranial portion of the optic 
nerves, orbital MR imaging failed to 
identify optic nerve hypoplasia in all 
patients except one (Fig 3). In this 
patient, axial and coronal images 
showed a normal right optic nerve 
imaged within its sheath, while a 
smaller empty sheath was seen on the 
left (Fig 3). Additional findings in this 
case were thinning and attenuation of 
the signal along the inner aspect of the 
posterior portion of the globe on the 
side of the hypoplastic optic nerve (Fig 
3). Since the thickness of the posterior 
retina varies from 0.2 to 0.4 mm, loss 
of the retinal ganglion cell layer alone 
would not be expected to produce a 
visible diminution in posterior eye wall 
signal intensity in MR imaging. The 
anatomical correlate of this finding re- 
mains unclear. Difficulties in accurate 
imaging of the orbital optic nerves 
result from chemical shift artifact, gen- 
erated by the interface between orbital 
fat and the optic nerve. In addition, 
eye movements that occur during the 
sean produce motion artifact and con- 
sequent degradation of image clarity, a 
particular problem in children. Newer 
MR imaging techniques, such as fat 
suppression and use of a surface coil, 
may make orbital MR imaging a more 
practical adjunct for optic nerve evalu- 
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ation in the future.” 

We believe that coronal and sagittal 
T,-weighted MR imaging is a useful 
diagnostic modality to identify optic 
nerve hypoplasia neuroradiologically. 
It is especially useful in infants with 
nystagmus in whom, because of ocular 
movement and refractive error, the 
clinical diagnosis of optic nerve hypo- 
plasia may be questionable. One might 
expect that loss of optic nerve fibers in 
acquired optic atrophy would also re- 
sult in a reduction in the diameter of 
the intracranial optic nerves on MR 
imaging. It has been our experience 
that, in the great majority of patients 
with acquired optic atrophy, the intra- 
cranial optic nerve image is normal in 
size. We are aware of several cases, 
however, in which optic atrophy is 
clearly associated with a severely re- 
duced optic nerve diameter on MR 
imaging. Whether this occurs with suf- 
ficient frequency to confuse the diag- 
nostic picture must await further in- 
vestigation. When MR imaging shows 
decreased optic nerve diameter accom- 
panied by other features of septo-optic 
dysplasia, the presumptive diagnosis 
of optic nerve hypoplasia can be made 
neuroradiologically. 


Robert C. Walls, PhD, provided statistical anal- 
ysis of the data, and William F. Hoyt, MD, 
reviewed the manuscript. 

The authors have no proprietary interest in the 
General Electric Signa System, Milwaukee, Wis, 
used for the magnetic resonance imaging done in 
this study. 
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Graves Ophthalmopathy 


Correlation of Saccadic Eye Movements With Age, Presence of 
Optic Neuropathy, and Extraocular Muscle Volume 


Steven E. Feldon, MD; Lori Levin, MPH; Saundra K. Liu, MS 


© Quantitative infrared oculography 
was used to record saccadic eye move- 
ments of 49 patients with Graves’ oph- 
thalmopathy. Peak saccadic velocities 
were decreased in those patients who 
developed or presented with optic neu- 
ropathy. This effect was more pro- 
nounced for larger eye movements. Peak 
saccadic velocity also decreased as total 
extraocular muscle volume and limita- 
tion of ocular motility increased. For any 
given extraocular muscle volume, peak 
saccadic velocity was 40°/s slower in 
patients 40 years or older than in youn- 
ger patients. The relationship between 
velocity and motility limitation was most 
pronounced for intermediate muscle vol- 
umes (8% to 15% of total orbital volume). 
Saccadic velocities in those patients with 
optic nerve compression often improved 
following treatment. This study demon- 
strated that eye movement recording 
was a useful adjunct in evaluation of 
patients with Graves’ ophthalmopathy. 
Furthermore, age-related lowering of 
peak saccadic velocities implicated 
changes of extraocular muscle structure 
as a factor in the development of optic 


neuropathy. 
(Arch Ophthalmol. 1990;108:1568- 
1571) 


The principal structural abnormality 

identified in patients with Graves’ 
ophthalmopathy is an enlargement of 
the extraocular muscles.’’ Consistent 
with an autoimmune etiology, this en- 
largement is caused by chronic inflam- 
mation with lymphocytic infiltration, 
mucopolysaccharide deposition, and in- 
terstitial edema. 

The clinical consequences of Graves’ 
ophthalmopathy include  exophthal- 
mos, periorbital swelling, and distur- 
bances of ocular motility. In earlier 
studies the relationship between ex- 
traocular muscle volume and clinical 
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findings was explored.” A significant 
correlation between the limitation of 
ocular motility and extraocular muscle 
volume within the orbit was estab- 
lished. In turn, these parameters have 
been found to correlate with the pres- 
ence, development, or absence of optic 
neuropathy. 

In addition to ocular motility and 
extraocular muscle volume, peak ve- 
locity of saccadic eye movements as 
determined by infrared oculography 
has been demonstrated to be a useful 
indicator of the clinical severity of 
Graves’ ophthalmopathy.’ Therefore, a 
decrease in peak saccadic velocity may 
be correlated with increasing limita- 
tion of ocular motility and extraocular 
muscle volume. The purpose of this 
study was to establish these correla- 
tions and to relate the findings to 
pathophysiologic mechanisms underly- 
ing Graves’ ophthalmopathy. Addition- 
al factors, including patient age and 
clinical outcome, are analyzed. 


PATIENTS AND METHODS 
Patients 


Computed tomographic scans were per- 
formed on 96 orbits of 49 patients with 
Graves ophthalmopathy. Their mean age 
was 49 years (range, 11 to 81 years). There 
were nine men and 40 women. Earlier 
reports have included patients evaluated in 
this study.” 


Clinical Classification 


The orbits were divided into two clinical 
groups according to the presence or absence 
of optic nerve involvement. A third group 
consisted of patients with no optic nerve 
involvement at the outset of the study, but 
in whom clinical signs and symptoms of 
optic neuropathy developed during follow- 
up. Tests of visual function included Snel- 
len’s test of visual acuity, color (American 
Optical Pseudoisochromatic plates, Rei- 
chert Ophthalmic Instruments, Buffalo, 
NY), and visual fields (tangent screen or 
automated perimetry [OCTOPUS, Inter- 
zeag, Schlieren, Switzerland]). 


Imaging Methods 


A computed tomographic seanner (model 
8800 or 9800, General Electric, Milwaukee, 
Wis) was available for performing the orbit- 
al scans. Nonoverlapping, adjacent slices 
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through the entire orbit (including roof and 
floor) were obtained in the axial plane at 5- 
mm (four patients), 1.5-mm (40 patients), or 
1.0-mm (five patients) intervals. The com- 
puted tomographic scans were imaged at 
window widths of 250 or 500 and at comput- 
ed tomographic numbers of 0 to +20 
Hounsfield units. These were quantitative- 
ly analyzed with an image analyzer, using a 
technique previously described.” 

Because rectus muscles could not be reli- 
ably distinguished from adjacent extraocu- 
lar muscles, the following pairs of muscles 
were analyzed together: the levator and 
superior rectus, the superior oblique and 
medical rectus, and the inferior oblique and 
inferior rectus. The lateral rectus muscle 
was analyzed by itself. The volume of each 
muscle group was computed separately and 
compared with the overall volume of the 
orbit after appropriate scaling. In this 
study, each muscle group was named only 
for the included rectus muscle. 


Eye Movement Recording Methods 


Eye movements were recorded by reflec- 
tive infrared oculography. Details of the 
methods and procedures used have been 
published. Monocular fixation for each eye 
was used in patients with ocular misalign- 
ment for both calibration and recording. 
Patients were allowed to rest or terminate 
the examination at any time. 


RESULTS 


Effect of Disease Severity on 
Peak Velocity of Eye Movements 


Adducting peak saccadic velocities 
from eyes of patients who never devel- 
oped optic neuropathy, from patients 
who developed optic neuropathy dur- 
ing follow-up, and from patients who 
presented with optic neuropathy were 
averaged for 8°, 11°, and 14° eye move- 
ments. Adduction was chosen for anal- 
ysis based on its relative preservation 
compared with abduction in most pa- 
tients with advanced Graves’ disease. 
Saccades smaller than 8° were not ana- 
lyzed because they did not correlate 
well with severity of disease in an 
earlier study.’ 

As shown in Fig 1, the group with- 
out optic neuropathy had subnormal 
peak saccadic velocities with small 
SDs. Those patients who developed 
optic neuropathy were much slower for 
both 8° and 11° eye movements, over- 
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lapping with data obtained from pa- 
tients with optic neuropathy. Howev- 
er, for 14° eye movements, saccades of 
those with optic neuropathy were 
much slower, showing a reversal of the 
normal saccadic amplitude-velocity re- 
lationship. Differences between the 
two optic neuropathy groups and the 
group without optic neuropathy were 
statistically significant (P<.001) at all 
magnitudes of saccades. Differences 
between the group that developed op- 
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tic neuropathy and the group that pre- 
sented with optic neuropathy were sta- 
tistically significant (P<.001) only at 
11° and 14°. Because results were simi- 
lar, subsequent analyses were per- 
formed only for the 11° saccades. 


Effect of Muscle Volume 
on Peak Saccadic Velocity 
of 11° Eye Movements 


Peak velocity of adducting 11° sac- 
cades tended to decrease with increas- 


12 


Magnitude, ° 





Fig 1.—Mean (+ SD) peak saccadic velocities of 8°, 11°, and 14° eye movements are plotted for 
patients without optic neuropathy (circles), for patients developing optic neuropathy (triangles), 
and for patients presenting with optic neuropathy (squares). The mean peak saccadic velocities 
of patients without optic neuropathy differed significantly from laboratory control data (400°/s at 


8°; 500°/s at 11°; and 600°/s at 14°). 


ing total extraocular muscle volume. 
However, patient age was an impor- 
tant determinant of peak saccadic ve- 
locity for any given extraocular muscle 
volume. Figure 2 (left) is a plot of the 
peak saccadic velocity relationship to 
extraocular muscle volume for patients 
aged 39 years and younger. Figure 2 
(right) is a plot of the same relation- 
ship for patients 40 years and older. 
The slopes of the least-squares linear 
regression are almost identical for the 
two age groups and the fits are statis- 
tically significant (r= —.429, P<.001 
for the younger age group; r= —.341, 
P<.001 for the older age group), but 
the mean peak velocity for the older 
group is nearly 40°/s slower. For both 
age groups, the higher muscle volumes 
and slower peak saccadic velocity are 
associated with optic nerve in- 
volvement. 

The effect of age on the relationship 
between peak saccadic velocity and 
total extraocular muscle volume is 
shown in Fig 3. The mean peak saccad- 
ic velocity and extraocular muscle vol- 
umes are plotted by degree of optic 
nerve involvement for each age group. 
No continuum of data is implied since 
only five points are shown. 


Relationship of Peak Saccadic Velocity 
of Horizontal Eye Movements to Total 
Limitation of Ocular Motility 


As shown in Fig 4, peak velocity of 
11° adducting saccades tended to de- 
crease with increasing limitation of 
horizontal eye movements (r= —.4l; 
P<.001) for patients 40 years and old- 
er. The amount of scatter especially 
increased when the younger group of 


Fig 2.—Peak saccadic velocities for 11° adducting eye movements are plotted as a function of extraocu- 
lar muscle volume (expressed as a percentage of total orbital volume) for patients younger than 40 years 
(left) and for patients 40 years and older (right). Linear regressions are represented by solid lines. 
Coefficients of regression are — 0.429 for the younger age group and — 0.341 for the older age group. 
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Fig 3.—Mean peak saccadic velocity of 11° adducting eye move- 
ments for three classes of patients younger than 40 years (open 
symbols and dashed line) and for the same classes of patients 40 
years and older (solid symbols and solid line) are plotted as a function 
of extraocular muscle volume (% of orbital volume). The lines are 
presented for descriptive purposes only and do not imply a continuum. 
Circles indicate no optic neuropathy; triangles, developing optic neu- 
ropathy; and squares, presenting optic neuropathy. 
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vs 11° Adduction Regression Slope 
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Fig 5.—The slope of the regression line produced by plotting the total 
limitation (%) as a function of peak velocity of 11° adducting saccades 
is shown as a function of extraocular muscle volume (% of total orbital 
volume). Steep negative slopes of the regression lines are present 
only at intermediate extraocular muscle volumes (8% to 15.9%). 
Within this range of muscle volumes, peak saccadic velocity de- 
creases with increasing limitation of motility. High and low muscle 
volumes are associated with flat regression lines, indicating little 
change in velocity with increasing limitation of motility. 


Fig 4.—Peak saccadic velocities of 11° adducting saccades eye 
movements are plotted for each patient as a function of the corre- 
sponding limitation of horizontal ductions. The linear regression is 
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patients was included in the regression 
(r= —.305; P<.01). 


Effect of Extraocular Muscle 
Volume on the Correlation Between 
Peak Velocity of Adduction and Total 

Limitation of Ocular Motility 


To further address possible causes 
for the wide scatter shown in Fig 4, 
the regression slope determined by 
plotting the total limitation of ocular 
motility against peak velocity of adduc- 
tion for 11° saccades was in turn plot- 
ted as a function of total extraocular 
muscle volume (Fig 5). The individual 
regressions did not reach statistical 





significance due to small sample sizes 
(seven to 17 data points). By collapsing 
cells, adequate sample sizes were ob- 
tained to test the statistical signifi- 
cance of the correlations for the group 
with 8.0% to 15.9% muscle volume 
(r= —.47; P<.01). The regressions for 
the groups with smaller and larger 
muscle volumes did not reach signifi- 
cance. The regression slopes were 
found to be —0.5 to —0.8 for total 
muscle volumes between 8% and 15%. 
Slopes were near 0 for muscle volumes 
less than 8% or greater than 15.9%. 
Thus, slower peak velocities were as- 
sociated with increased limitation of 
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represented by the solid line. 


motility only when the orbital muscle 
volume was intermediate. 


Changes in Peak Velocity and 
Visual Acuity due to Treatment 
of Graves’ Ophthalmopathy 


Forty eyes of 20 patients with optic 
nerve compression induced by Graves’ 
ophthalmopathy were treated with ei- 
ther corticosteroids, orbital decom- 
pression, or both. Pretreatment and 
posttreatment eye movement record- 
ings were performed and evaluated 
relative to changes in visual acuity. A 
x analysis was statistically significant 
(P=.0039) when performed on the 
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No. of Eyes 


Pee 
Decrease 
in Visual 
Acuity 


Increase 


Velocity In Visual Acuity 


Increase 
Decrease 


*P = 0039. 


data summarized in the Table. When 
peak saccadic velocity increased, visu- 
al acuity improved in all but one in- 
stance. Decreased velocity did not dis- 
tinguish between patients with and 
without improvement in visual acuity. 


COMMENT 


Abnormal saccades in patients with 
Graves’ ophthalmopathy were first re- 
ported by Metz.” Using electro-oculog- 
raphy, he demonstrated a slowing or 
“tailing off” of the saccadic trajectory 
near the limit of ocular excursion. He 
attributed his findings to restriction of 
motility by the antagonist muscle. 
Similar findings were reported in an 
infrared oculographic study by Neu- 
mann et al.” In addition they found 
saccadic latency to be increased and 
saccadic velocity to be decreased. Fel- 
don and Unsöld’ used infrared oculog- 
raphy to demonstrate that peak sac- 
cadic velocity of relatively small eye 
movements decreased with increasing 
severity of clinical disease. The pres- 
ent study is an expansion of these 
initial findings. 

In this study, patients with Graves’ 
ophthalmopathy were classified ac- 
cording to the absence, development, 
or presence of optic neuropathy. Sig- 
nificant decrements in the peak veloci- 
ty-amplitude relationship of saccades 
were found as severity of optic nerve 
disease increased. Prior studies using 
the same clinical classification showed 
that extraocular muscle volume*”’ and 


1. Rundle FF, Pochin EE. The orbital tissues in 
thyrotoxicosis: quantitative analysis relating to ex- 
ophthalmos. Clin Sci. 1944;5:51-74. 

2. Naffziger HC. Pathologic changes in the orbit 
in progressive exophthalmos, with special refer- 
ence to alterations in the extra-ocular muscles and 
the optic disks. Arch Ophthalmol. 1933;9:1-12. 

3. Feldon SE, Weiner JM. Clinical significance 
of extraocular muscle volumes in Graves’ ophthal- 
mopathy: a quantitative computed tomography 
study. Arch Ophthalmol. 1982;100:1266-1269. 

4. Feldon SE, Lee CP, Muramatsu, SK, Weiner 
JM. Quantitative computed tomography of Graves’ 
ophthalmopathy: extraocular muscle and orbital fat 
in development of optic neuropathy. Arch Ophthal- 
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5. Hallin ES, Feldon SE. Graves’ ophthalmop- 


Arch Ophthalmol—Vol 108, November 1990 





limitation of ocular motility’ also cor- 
related with the presence of optic neu- 
ropathy. Thus, the schema for classify- 
ing Graves’ ophthalmopathy results in 
a consistent relationship between the 
clinical severity and multiple quantita- 
tively determined measures of extra- 
ocular muscle disease. 

One unexpected finding in the rela- 
tionship between adducting velocity 
and magnitude of eye movement was a 
marked slowing of 14° saccades rela- 
tive to smaller saccades in the optic 
neuropathy group. This indicates a 
substantial alteration in the biome- 
chanics of the oculomotor plant under 
conditions associated with optic nerve 
compression. Such biomechanical 
changes may result from several 
pathophysiologic mechanisms. Restric- 
tion by the antagonist muscle may slow 
large saccades. However, the large 
scatter found when plotting saccadic 
velocity against clinical restriction of 
motility suggests that these variables 
may not be closely related. Aging 
changes in orbital tissues may play a 
role. 

Alteration of orbital fat in cases of 
severe disease might change orbital 
viscosity and differentially affect larg- 
er eye movements even though the 
amount of orbital fat is unchanged.’ 
Reduced mechanical efficiency of the 
muscles by the same crowding that 
causes optic nerve compression” may 
be a partial explanation, although in- 
creased optic nerve function following 
treatment was accompanied by im- 
proved eye movement velocity in only 
62% of the cases. The lack of correla- 
tion between saccadic velocity and clin- 
ical limitation of motility found for 
large muscle volumes may indicate 
that agonist rather than antagonist 
muscle fiber dropout and fibrosis are 
likely to be important etiologic factors 
in the slowing of larger saccades." 
The lack of correlation between sac- 
cadic velocity and clinical limitation of 
motility found for small muscle vol- 
umes may indicate the presence of 
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mechanisms compensating for the 
pathologic changes in extraocular mus- 
cle structure. Compensation may occur 
by an alteration of the length-tension 
curve, augmenting the force of con- 
traction, or by an increase in innerva- 
tion to the agonist muscle, reflecting 
plasticity of the central nervous 
system. 

Another unexpected finding in this 
study was the effect of age on the peak 
velocity-magnitude relationship of sac- 
cades in patients with Graves’ ophthal- 
mopathy. Studies of normal subjects 
have found minimal, if any, effect of 
age on saccadic velocity." The constant 
decrement of about 40°/s in patients 
older than 40 years compared with 
patients younger than 40 years for a 
given muscle volume may be related to 
the increased incidence of optic neu- 
ropathy in older patients with Graves’ 
ophthalmopathy.” There may be an 
age-dependent alteration of the elastic- 
ity of extraocular muscle of older pa- 
tients that renders the optic nerve 
more susceptible to damage. Specifi- 
cally, stiff, inelastic muscle would not 
generate normal force and would be 
more likely to impinge on the optic 
nerve than to mold around it. 

Quantitative analyses of eye move- 
ment recordings are shown to be a 
useful adjunct to other clinical modal- 
ities of testing in the assessment of 
Graves’ ophthalmopathy. Peak saccad- 
ic velocities correlate with important 
clinical parameters, such as optic 
nerve involvement, limitation of motil- 
ity, and extraocular muscle volume. 
Age-related lowering of peak saccadic 
velocities in patients with Graves’ 
ophthalmopathy suggests that loss of 
extraocular muscle elasticity is a possi- 
ble pathophysiologic basis for the in- 
creased incidence of optic neuropathy 
in the older age group. 


This study was supported in part by grant EYO 
3908 and core grant EYO 3040 (Biometry Module) 
from the National Institutes of Health; and by an 
award from Research to Prevent Blindness Inc, 
New York, NY. 


10. Kennerdell JS, Rosenbaum AE, El-Hoshy 
MH. Apical optic nerve compression of dysthyroid 
optic neuropathy on computed tomography. Arch 
Ophthalmol. 1981;99:807-809. 

11. Kroll AJ, Kuwabara T. Dysthyroid ocular 
myopathy: anatomy, histology, and electron mi- 
croscopy. Arch Ophthalmol. 1966;76:244-257. 

12. Trokel SL, Jakobiec FA. Correlation of CT 
scanning and pathologic features of ophthalmic 
Graves’ disease. Ophthalmology. 1981;88:553-564. 

13. Abel LA, Troost BT, Dell’Osso LF. The ef- 
fects of age on normal saccadic characteristics and 
their variability. Vision Res. 1983;23:33-37. 

14. Hallin ES, Feldon SE, Luttrell J. Graves’ 
ophthalmopathy, III: effect of transantral orbital 
decompression on optic neuropathy. Br J Ophthal- 
mol. 1988;72:683-687. 


Graves Ophthalmopathy—Feldonetal 1571 


Antibodies to Epstein-Barr Virus in 
Iridocorneal Endothelial Syndrome 


Clark S. Tsai, MD; Robert Ritch, MD; Stephen E. Straus, MD; 


Henry D. Perry, MD; F. Y. Hsieh, PhD 


e Antibody titers to Epstein-Barr virus 
were determined in 13 patients with irido- 
corneal endothelial syndrome and in 13 
healthy race-, age-, and sex-matched 
controls. Both the geometric mean titer 
of IgG antibodies to the Epstein-Barr 
virus capsid antigen and the proportion 
with high titers of IgG antibodies to the 
Epstein-Barr virus capsid antigen 
(=1:640) were significantly higher in 12 
seropositive patients with iridocorneal 
endothelial syndrome than in 12 sero- 
positive controls (1/761:1/202, P=.001; 
83.3%:8.3%, P<.001). Ten of 12 seroposi- 
tive patients with iridocorneal endotheli- 
al syndrome and five of 12 seropositive 
controls had antibodies to Epstein-Barr 
virus-induced early antigens (>1:10) 
(Fisher’s Exact Test, P<.05), while four 
seropositive patients with iridocorneal 
endothelial syndrome and one seroposi- 
tive control had low to undetectable lev- 
els of antibodies to Epstein-Barr virus- 
associated nuclear antigen (<1:5) (P>.1). 
Antibody levels to cytomegalovirus or 
measles virus were not different between 
patients with iridocorneal endothelial 
syndrome and controls. Additional stud- 
ies showed no evidence of humoral im- 
mune disorder or collagen vascular dis- 
ease in the patients with iridocorneal 
endothelial syndrome. The serologic pro- 
files suggest that the patients with irido- 
corneal endothelial syndrome examined 
had a cellular immune abnormality suffi- 
cient to permit reactivation of latent Ep- 
stein-Barr virus infection and imply, but 
do not establish, a role for Epstein-Barr 
virus infection in the pathogenesis of 
some cases of the iridocorneal endothe- 
lial syndrome. 

(Arch Ophthalmol. 
1576) 


1990;108:1572- 


Tre iridocorneal endothelial (ICE) 

syndrome comprises three disor- 
ders of unknown origin that represent 
major clinical variations within a spec- 
trum of disease: Chandler’s syndrome, 
essential iris atrophy, and the iris ne- 
vus (Cogan-Reese) syndrome.’ Migra- 
tion or proliferation of corneal endo- 
thelium over the surface of the tra- 
becular meshwork and anterior portion 
of the iris is accompanied by formation 
of an ectopic Descemet’s membrane, 
which subsequently contracts, result- 
ing in peripheral anterior synechiae, 
glaucoma, ectropion uveae, pupillary 
distortion, and iris hole formation.’ 
Classically, corneal decompensation 
occurs early and glaucoma occurs late 
in the course of the disease in Chan- 
dler’s syndrome, while the reverse 
holds true for the iris nevus syndrome. 
In essential iris atrophy, the two occur 
roughly at the same time. 

Although a few familial cases have 
been reported,” no hereditary predis- 
position is found in the majority of 
cases nor is there history of previous 
disease or injury." Nearly all cases are 
unilateral, although mild, clinically in- 
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significant changes can be found in the 
fellow eye. Recently, Alvarado and 
coworkers’ postulated a viral cause for 
the ICE syndrome on the basis of its 
associated inflammation and the 
known tendency of some viral dis- 
eases, such as herpes simplex keratou- 
veitis and herpes zoster, to occur 
unilaterally. 

We sought to determine whether 
another herpesvirus implicated in uve- 
itis, Epstein-Barr virus (EBV), could 
be associated with the ICE syndrome. 
In a small series of patients with the 
ICE syndrome, we noted abnormal 
antibody responses to the virus, lead- 
ing us to speculate that such an associ- 
ation exists. 


PATIENTS, SUBJECTS, AND METHODS 
Patient Group 


Serum samples from patients with the 
ICE syndrome were analyzed to determine 
the erythrocyte sedimentation rate (ESR); 
rheumatoid factor (RF); fluorescent antinu- 
clear antibody titer (FANA); anti-Ro anti- 
body titer; quantitative IgG concentration; 
and antibody titers to cytomegalovirus 
(CMV), measles virus, and EBV. The pa- 
tient profiles are listed in Table 1. 


Control Group 


Serum samples from controls, who were 
selected on the basis of age, sex, and race, 
as well as ESR, FANA titer, and RF level 
to pair those of the patients with the ICE 
syndrome, were analyzed for viral antibody 
levels. Control subjects consisted primarily 
of hospital personnel, who have a higher 
risk of exposure to EBV or other infections 
than does the study group. Because some 
collagen vascular diseases, including rheu- 
matoid arthritis, are associated with abnor- 
mal EBV titers,” they were especially 
sought and controlled for in our study. 
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Age, y/Race/Sex 


Diagnosis 





Controls/ 


Duration, mot Age, y/Race/Sex 


1/53/W/F CS 53 1/51/W/F 


2/31/W/M CS 
3/57 /W/F CS 
4/43/W/M CRS 


5/46/W/F CRS 


6/59/W/F CRS 33 6/58/W/F 
7/49/B/F EIA 30 7/35/B/F 


8/65/W/F EIA 


2/31/W/M 
3/51/W/F 
4/36/W/M 
5/47/W/F 


20 8/61/W/F 


9/46/H/F EIA 12 9/43/H/F 
10/38/W/F EIA 27 10/35/W/F 


11/53/W/F 
12/42/W/M 
13/42/W/F 


11/47/W/F 
12/35/W/F 
13/40/W/F 





*ICE indicates iridocorneal endothelial; CS, Chandler's syndrome; CRS, Cogan-Reese syndrome; EIA, 
essential iris atrophy; and H, Hispanic. Patients with ICE syndrome and controls were paired according to age, 


race, and sex. 


tDuration is from the diagnosis of glaucoma to the date when serum samples were collected. 


Thus, two controls with elevated ESRs and 
another with a low-positive RF level were 
selected to match the patients with ICE 
syndrome, which included patients with 
high ESRs and one patient with a weakly 
positive RF level. In fact, none of our 
subjects had clinically evident rheumatoid 
arthritis, systemic lupus erythematosus, 
progressive systemic sclerosis, or other 
systemic diseases, nor did they have a 
history of recent corticosteroid use, which 
is relevant in that corticosteroids alter nu- 
merous host immune responses.” 


Serologic Methods 


Epstein-Barr virus titers were deter- 
mined at Children’s Hospital of Philadelphia 
(Pa), using techniques described by Henle 
et al.” The EBV titers determined included 
IgG antibodies to viral capsid antigen (IgG 
anti-VCA), antibodies to EBV-associated 
nuclear antigen (anti-EBNA), and antibod- 
ies to both the diffuse component and the 
restricted component of EBV-induced early 
antigens (anti-EA-D and anti-EA-R, re- 
spectively). According to the laboratory 
routine, the IgM antibody to VCA (IgM 
anti-VCA) titer was determined only for 
those serum samples with high IgG anti- 
VCA and low anti-EBNA titers, because 
they suggest a current or recent EBV 
infection. Antibodies to measles virus and 
CMV were determined by immune adher- 
ence hemagglutination assays. 


Statistical Methods 


The reciprocal antibody titers were 
transformed logarithmically’ and compared 
between EBV-seropositive patients with 
the ICE syndrome and EBV-seropositive 
controls with the paired ¢ test. Geometric 
mean titers were calculated." When a ti- 
ter is reported as less than or greater 
than a specific level, standard assump- 
tions were made, ie, titers of less than 1:5 
were considered to be 1:2.5, those of less 
than 1:10 were considered to be 1:5, those 
of less than 1:40 were considered to be 
1:20, and those of 1:1280 or greater 
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were considered to be 1:1280." 

On the basis of the experience in the 
virology laboratory of the Children’s Hospi- 
tal of Philadelphia (Gertrude Henle, MD, 
oral communication, September 1987), we 
considered an IgG anti-VCA level of 1:640 
or greater to be high and an anti-EBNA 
level of 1:5 or lower to be low.” The 
proportions of subjects with titers beyond 
these levels or with detectable anti-EA 
titers (=1:10) were compared in the ICE 
and control groups using Fisher’s Exact 
Test. 


RESULTS 


The mean (+SD) age of the patients 
with ICE syndrome was 48+9 years, 
while that for the control group was 
44+10 years. The ages ranged from 31 
to 65 years for 13 patients with ICE 
syndrome (five with essential iris atro- 
phy, three with iris nevus syndrome, 
and five with Chandler’s syndrome) 
and from 31 to 61 years for 13 controls. 
There were three male and 10 female 
and 11 white, one black, and one His- 
panic patient in each group (Table 1). 

Twelve of 13 subjects in each group 
were seropositive for EBV. The only 
relevant serologic comparison is 
among subjects with antibodies to 
EBV. Patient 10 and control subject 11 
were EBV seronegative and were 
therefore not included in statistical 
analyses. 

For the 12 pairs of seropositive sub- 
jects, both the logarithmically trans- 
formed titer of IgG anti-VCA and the 
proportion with a high IgG anti-VCA 
titer (=1:640) were significantly higher 
in the patients with ICE syndrome 
compared with the controls 
(1/761:1/202, P=.001, Table 2; 
83.3%:8.3%, P<.001, Table 3). Ten of 
12 EBV-seropositive patients with the 
ICE syndrome and five of 12 EBV- 
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1/761 1/202 .001 


Anti-VCA 
Anti-EA-D 1/7 1/5 >.1 
Anti-EA-R 1/11 1/9 >.1 


Anti-EBNA 1/14 1/22 >.1 


* Anti-VCA indicates antibodies to viral caspid an- 
tigen; anti-EA-D, antibodies to the diffuse component 
of Epstein-Barr virus-induced early antigens; anti- 
EA-R, antibodies to the restricted component of 
Epstein-Barr virus-induced early antigens; and anti- 
EBNA, antibodies to Epstein-Barr virus-associated 
nuclear antigen. 

tTwo-tailed P value from paired t test of logarith- 
mically transformed reciprocal of titer. 





seropositive controls had either detect- 
able anti-EA-D or anti-EA-R anti- 
body titers (=1:10). Whereas the mean 
anti-EA titers were not significantly 
different between ICE and control 
groups (Table 2), the proportion of 
EBV-seropositive patients with the 
ICE syndrome who had detectable 
anti-EA titers was significantly higher 
than that of EBV-seropositive controls 
(83.3%:41.7%; P<.05, Table 3). Four 
of the 12 EBV-seropositive patients 
with the ICE syndrome and one of the 
12 EBV-seropositive controls had low 
to undetectable anti-EBNA titers 
(<1:5). However, neither the propor- 
tion of subjects with low to undetect- 
able anti-EBNA titers nor the mean 
anti-EBNA titers were significantly 
different between the two groups 
(P>.1, Tables 2 and 3). The IgM anti- 
VCA titers were less than 1:10 for two 
EBV-seropositive patients with the 
ICE syndrome who were tested (Table 
4). 

One patient with the ICE syndrome 
(patient 7) had a borderline high serum 
quantitative IgG concentration (Table 
5), which was considered of no diagnos- 
tic value by the serology laboratory at 
the Montefiore Medical Center, Bronx, 
NY. The quantitative serum IgG level, 
RF, and anti-Ro antibody, FANA, 
measles, and CMV titers in patients 
with the ICE syndrome revealed no 
evidence of underlying collagen vascu- 
lar disease or humoral immune disor- 
der (Table 5). There were no important 
differences between patients with the 
ICE syndrome and controls in the re- 
sults of these tests. There was no 
correlation between either measles or 
CMV titers and the IgG anti-VCA 
titer nor was there any significant 
correlation between the duration of the 
ICE syndrome and any component of 
the EBV titers (simple linear regres- 
sion and Spearman’s correlation analy- 
sis, P>.05 for both). 
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COMMENT 

Epstein-Barr virus is a ubiquitous 
herpesvirus.” Although most people 
have been exposed to EBV, the clinical 
manifestations of the initial infection 
are variable. Most infections are 
asymptomatic; one third to one half of 
those occurring in adolescents and 
young adults present as acute infec- 
tious mononucleosis. “""*” By the end 
of the third decade of life, most of the 
worlds population has become sero- 
positive.” 
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Patients With 
ICE Syndrome (n = 12) 
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Unexpected Normal 
Anti-VCA 10 (83.3) 2 
Anti-EA 10¢ (83.3) 2 
Anti-EBNA 4 (33.3) 8 
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ecte: t Antibody Titers in Epstein-Barr Virus-Seropositive Subjects * 





Laboratory confirmation of EBV in- 
fection is largely dependent on serolog- 
ic findings (Table 6)“ During the 
course of primary EBV infection, both 
IgM IgG anti-VCA appear in the 
circulation, and IgM anti-VCA disap- 
pears after several weeks to months. 
The peak titer of IgG anti-VCA ranges 
from 1:40 to 1:2560 but frequently is 
between 1:320 and 1:1280. IgG anti- 
VCA persists at this level for several 
months and then declines, remaining 
detectable for life, typically at a titer 





Controls (n = 12) 
ee 





















Unexpected Normal 
1 (8.3) 11 <.001 
5§ (41.7) 7 <.05 
1 (8.3) 11 >.1 





ee eS in a ee” ee i 





* ICE indicates iridocorneal endothelial; Anti-VCA, antibodies to viral cuspid antigen; anti-EA, antibodies to 
Epstein-Barr virus-induced early antigens; and anti-EBNA, antibodies to Epstein-Barr virus-associated nuclear 
antigen. Unexpected anti-VCA titer indicates 1:640 or greater; anti-EA titer, 1:10 or greater; and anti-EBNA, 1:5 
or lower. Values represent number (percent) of subjects. 

tFisher's Exact Test. 

Eight patients with ICE syndrome had anti-EA, restricted component, and two had anti-EA, diffuse compo- 


nent, antibodies. 


§All five controls had anti-EA, restricted component, antibodies. 
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* Anti-VCA indicates antibodies to viral cuspid antigen; anti-EA, antibodies to 
Epstein-Barr virus-induced early antigens, diffuse component (D) and restricted 
component (R); anti-EBNA, antibodies to Epstein-Barr virus-associated nuclear 
antigen; and NT, not tested according to the laboratory routine. 
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of between 1:40 and 1:640." 

In general, antibodies to EBNA ap- 
pear weeks or even months after the 
onset of infectious mononucleosis, al- 
though an occasional patient may have 
a low titer (1:2 or 1:5) at the time of 
diagnosis. The anti-EBNA titer rises 
during a period of several months and 
persists for life at a level that varies 
from 1:5 to 1:80 (mean, 1:40) in most 
people.” 

For those individuals who have had 
an asymptomatic primary infection, 
the evolution of the antibody response 
to VCA and EBNA resembles that in 
infectious mononucleosis, except that a 
peak titer of IgM anti-VCA exceeding 
1:80 is rarely detected. Patients with 
infectious mononucleosis often have 
anti-EA-D antibody at the time of 
diagnosis." The anti-EA-D titer typi- 
cally wanes after several months and 
may be replaced by a rising anti-E A-R 
titer, which also wanes over time. Less 
than 10% of normal adults possess 
detectable anti-EA antibodies of either 
class more than 4 years after infectious 
mononucleosis.” 

Most patients and control subjects 
were older than 40 years in our study. 
Because the majority of people have 


Table 5.—Quantitative Serum IgG Concentrations and Results 
of Rheumatologic Tests * 


Quantitative IgG, ESR, 
g/L mm/h RF FANA Anti-Ro 


85 
30 
55 
30 
25 
55 
15 


25 
70 
30 





* Normal quantitative IgG level is 6.33 to 13.49 g/L. ESR indicates erythrocyte 
sedimentation rate; RF, rheumatoid factor; FANA, fluorescent antinuclear anti- 
body; minus sign, negative; plus sign, weakly positive; and NT, not tested. 
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seroconverted to EBV by the end of 
the third decade of life, it is likely that 
most subjects in this study had carried 
latent EBV for years at the time of 
testing. Because we only included ser- 
opositive subjects in the statistical an- 
alyses, using hospital-based volunteers 
as controls should not have influenced 
our result. In fact, hospital employees 
might have a higher frequency of expo- 
sure to EBV than do individuals in the 
community at large and thus a greater 
opportunity to boost their antiviral 
antibody titers. Were this the case, the 
differences between patients and con- 
trols would be minimized rather than 
exaggerated. 

Many immune diseases are associ- 
ated with impaired T-cell regulation of 
the latent EBV carrier state. These 
include primary or secondary immuno- 
deficiency syndromes, such as ataxia- 
telangiectasia, Wiskott-Aldrich syn- 
drome, common variable immunodefi- 
ciency, lymphoproliferative malignant 
neoplasms, acquired immunodeficiency 
syndrome, as well as transplant recipi- 
ents and patients with collagen vascu- 
lar diseases.” Epstein-Barr virus re- 
activates more readily in patients with 
immune diseases than it does in 
healthy subjects, boosting antibody ti- 
ters in patterns similar to those of our 
patients. In disorders associated with 
milder degrees of immune impairment, 
these antibodies persist at mildly ele- 
vated levels,” while very high levels of 
antibodies to VCA (21:2560) or EA 
(=1:160) reappear or persist in individ- 
uals with severe cellular immune defi- 
ciency, implying virus reactivation.” 

Given this background, what conclu- 
sions can be drawn from our findings of 
unexpectedly high VCA and EA titers 
and low EBNA titers in patients with 
ICE syndrome? The histories of our 
patients with ICE syndrome and re- 
sults of our laboratory tests essentially 
exclude the immune disorders listed 
above. A current EBV infection is 
excluded by the absence of IgM anti- 
VCA and the presence of positive 
EBNA titers, which are compatible 
with a recent EBV infection. It is 
distinctly unusual for a high proportion 
of patients of this age to have had 






IgM Anti-VCA 


IgA Anti-VCA 


recent primary EBV infection, unless 
one assumed that infection in the older 
adult is associated with reactivation of 
EBV and with an enhanced rate of 
ocular damage presenting as ICE syn- 
drome. The lack of correlation between 
the duration of ICE syndrome and 
EBV titers favors reactivation of la- 
tent virus and boosting of EBV titers 
rather than a recent primary EBV 
infection as the cause of the elevated 
EBV titers in patients with ICE 
syndrome. 

Because quantitative serum IgG 
concentrations and antibody titers to 
the measles virus and CMV were nor- 
mal, there is no evidence for an under- 
lying humoral immune disorder. A 
more satisfying possibility, in view of 
what is known of the natural history 
and pathogenesis of EBV infection, is 
that there is cellular immune dysfunc- 
tion, which leads secondarily to EBV 
reactivation in some patients with ICE 
syndrome and which has yet to be 
assessed formally. Can the reactivated 
EBV play a role in the pathogenesis of 
ICE syndrome? 

During primary EBV infection, the 
eyelids, periorbital tissues, conjuncti- 
va, cornea, episclera, uveal tract, or 
optic nerve can be affected.” Ep- 
stein-Barr virus infection may be asso- 
ciated with follicular conjunctivitis,” 
epithelial and stromal keratitis, ”” and 
punctate outer retinal lesions.” Sero- 
logic profiles consistent with an active 
or persistent state of viral infection 
was associated with multifocal choro- 
iditis.~ There have also been reports of 
ocular involvement in patients with 
severe systemic illness and immune 
impairment attributed to chronic ac- 
tive EBV infection. One example is the 
report of panuveitis or keratitis in 
addition to chronic generalized mal- 
aise, recurrent fever, and pharyngi- 
tis.” Although EBV has been cultured 
from conjunctival and tear samples in 
patients with infectious mononucleo- 
sis,” recovery of EBV from conjuncti- 
val culture does not distinguish be- 
tween current and past infection.“ 

The onset of Sjégren’s syndrome af- 
ter EBV infection has been observed 
in several women.” Furthermore, an 
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increase in the percentage of HLA- 
DR + CD8 lymphocytes; a reduction in 
total lymphocytes, T-helper lympho- 
cytes, and natural killer cell cytotoxic- 
ity; and high anti-VCA and anti-EA 
titers have been reported in patients 
with aqueous tear deficiency.” Pflug- 
felder and coworkers” suggested that 
EBV infection may be a risk factor for 
the development of aqueous tear defi- 
ciency in a subset of patients with a 
more severe form of aqueous tear defi- 
ciency, Sjögrens syndrome, and im- 
munologic dysfunction. Similarly, we 
observed abnormal titers of antibodies 
to EBV in a small series of patients 
with the ICE syndrome. Furthermore, 
the abrupt appearance of an abnormal 
posterior collagenous layer in Desce- 
met’s membrane of patients with the 
ICE syndrome served as indirect evi- 
dence that some acute exogenous 
events damaged the endothelium.” 
Occasional lymphocytes were seen 
within the endothelium of patients 
with the ICE syndrome.*” Alvarado 
and coworkers’ considered this to be 
suggestive of chronic inflammation and 
possible viral infection, whereas Ro- 
driques et al” referred to the occasion- 
al lymphocytes as “passenger” cells 
migrating in the endothelial monolay- 
er. In a patient with herpetic kerato- 
uveitis and glaucoma, Alvarado et al 
found changes similar to those that 
occur in the ICE syndrome.’ While 
there is no concrete evidence to link 
the EBV and the ICE syndrome, we 
speculate that such an association may 
exist. 

One may wonder how a systemic 
EBV infection could relate to the ICE 
syndrome, which is usually a unilateral 
disease. An analogy can be made to 
other latent herpesvirus infections 
that reactivate focally, such as herpes 
zoster or herpes simplex infections, or 
to other acute EBV infections that 
produce focal neurologic disorders, 
such as Bell’s palsy and the Ramsay 
Hunt syndrome.” The frequent unila- 
terality of anterior uveitis is similar to 
what occurs in the ICE syndrome. 

Cellular immune abnormalities in 
patients with the ICE syndrome and 
their contributions to the ocular pa- 
thology found in this disease remain to 
be determined. Our findings of abnor- 
mal EBV antibody titers in patients 
with the ICE syndrome implies either 
that EBV reactivation is merely a 
marker for cellular immune dysfunc- 
tion in the syndrome or that EBV 
indeed has a role in the disease. Fur- 
ther investigation of the interplay of T- 
cell function, EBV, and the ICE syn- 
drome may help us to elucidate the 
pathogenesis of this syndrome. 
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Ticlopidine Treatment Reduces the Progression 


of Nonproliferative Diabetic Retinopathy 


The TIMAD Study Group 


è The Ticlopidine Microangiopathy of 
Diabetes study (TIMAD), a randomized, 
double-masked, placebo-controlled trial, 
assessed the effect of this antiplatelet 
agent (ticlopidine hydrochloride) in re- 
ducing the progression of nonprolifera- 
tive diabetic retinopathy in 435 patients 
followed up for 3 years. The mean yearly 
increase in definite microaneurysms on 
fluorescein angiograms was significantly 
higher (P=.03) in the placebo group 
(1.44 + 4.67) than in the ticlopidine group 
(0.48 + 5.79). Significance was limited to 
primary analysis using a quality angio- 
graphic coefficient for definite microan- 
eurysms in patients with at least three 
readable angiograms over a 3-year peri- 
od. Ticlopidine was significantly ben- 
eficial to insulin-treated diabetic pa- 
tients, inducing a sevenfold reduction of 
the yearly microaneurysm progression 
(0.23 + 6.66) compared with the placebo 
(1.57 +5.29) (P=.03). Among insulin- 
treated diabetic patients, fewer had 
development of new vessels in the ti- 
clopidine group than in the placebo 
group, at borderline statistical signifi- 
cance (P=.056). Overall retinopathy pro- 
gression was significantly less severe in 
the ticlopidine group (P=.04). Adverse 
reactions associated with ticlopidine in- 
cluded neutropenia (severe in one pa- 
tient) with no clinical complications, diar- 
rhea, or rash. This study demonstrated 
that ticlopidine slows down the progres- 
sion of nonproliferative diabetic retin- 
opathy. 

(Arch Ophthalmol. 
1583) 
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V arious platelet abnormalities have 

been described in diabetes.“ They 
seem to occur in the genesis and/or the 
evolution of diabetic microangiopathy, 
as suggested by the presence of plate- 
let aggregates and thrombi in the small 
vessels of the retina and the kidneys of 
diabetic patients.’ In diabetic retinopa- 
thy, microaneurysms and small areas 
of capillary occlusion are the earliest 
lesions identified by fluorescein angi- 
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ography.’ Microaneurysm formation 
appears to be related to capillary occlu- 
sion.” 

A study of ticlopidine hydrochloride, 
which has platelet inhibitory proper- 
ties,” was undertaken to assess its 
preventive effect on the evolution of 
nonproliferative diabetic retinopathy. 
Ticlopidine inhibits platelet aggrega- 
tion and prolongs bleeding time. Be- 
cause diabetic retinopathy progresses 
slowly in its early stage, the assess- 
ment of the effect of ticlopidine on the 
progression of microaneurysms re- 
quired an accurate method for quanti- 
fying small changes. Angiography was 
selected because a standardized and 
reproducible method of counting mi- 
croaneurysms had been developed and 
routinely used by our group.” 

The trial protocol has been described 
previously." We report herein fur- 
ther details regarding the angiograph- 
ic count of microaneurysms and the 
calculation of the slopes of their rate of 
progression as well as the final results 
on the safety and efficacy of the drug. 


SUBJECTS AND METHODS 


The multicenter study was based on a 
centralized organization comprising a steer- 
ing committee, a biostatistics research cen- 
ter of INSERM (Institute National de la 
Santé et de la Recherche Medicale), which 
was responsible for the evaluation of the 
microaneurysmal count and progression, a 
safety committee, and a coordinating 
center. 


Patient Eligibility, Treatment Allocation, 
and Follow-up Assessments 


The patients ranged in age from 18 to 68 
years and had to have insulin-treated or 
non-insulin-treated primary diabetes,” as 
defined by a fasting plasma glucose level of 
7.7 mmol/L or more. Patients were ex- 
cluded if they had confirmed arterial hyper- 
tension (diastolic blood pressure >100 mm 
Hg), had cardiovascular disease requiring 
long-term antiaggregating or anticoagulant 
treatment, or showed a contraindication to 
ticlopidine. The ophthalmologic criterion for 
inclusion was nonproliferative diabetic reti- 
nopathy in at least one eye, as evidenced by 
at least five microaneurysms in the central 
foveal field on fluorescein angiography. Pa- 
tients were excluded if they had diabetic 
retinopathy lesions requiring a_ specific 
treatment (intraretinal microvascular ab- 
normalities, macular edema, preretinal new 
vessels, or prepapillary new vessels), asso- 
ciated lesions impairing the evaluation of 


the clinical progression of the diabetic reti- 
nopathy (retinal detachment, nondiabetic 
retinal vasculopathy, or history of photoco- 
agulation), or lesions restricting ophthalmo- 
logic examination (cataract or risk of angle 
closure glaucoma). All patients gave in- 
formed consent to participate in the study. 

The TIMAD (Ticlopidine Microangiop- 
athy of Diabetes) study was a random- 
ized, double-masked, placebo-controlled tri- 
al. Randomization was stratified by center 
and by type of diabetes. The treatment 
regimen was two tablets daily of placebo or 
ticlopidine hydrochloride (500 mg daily) for 
3 years. 

Patients were followed up every 3 
months over a 3-year period. At baseline 
and at the yearly visit, follow-up assess- 
ment included all the examinations listed in 
the protocol”: monitoring of the diabetes, 
ophthalmologic examinations, full clinical 
examination of other diabetes-related vas- 
cular complications, platelet aggregation 
measurement, and recording of side effects. 
The adenosine diphosphate (ADP)-induced 
platelet aggregation test was performed 
every 6 months according to the photomet- 
ric method of Born and Cross.” Maximal 
aggregation and aggregation after 6 min- 
utes (disaggregation) were measured in 
plasma at four concentrations of ADP (0.66 
umol/L, 1.32 pmol/L, 2.64 pmol/L, and 6.6 
mol/L). This test was used to evaluate the 
inhibition of platelet aggregation under ti- 
clopidine treatment and its relationship to 
microaneurysm progression. 


Ophthalmologic Assessment of 
Diabetic Retinopathy 


Ophthalmologic examinations measured 
the best corrected visual acuity and intra- 
ocular pressure. The anterior segment and 
the retina were examined by ophthalmosco- 
py and biomicroscopy. Red-free photo- 
graphs were taken of two 30° standard 
fields: one centered on the disc for assess- 
ment of cotton-wool spots, and one centered 
on the macula for assessment of perimacu- 
lar venules, hard exudates, and hemor- 
rhages. For fluorescein angiography, 5 mL 
of 10% fluorescein sodium was injected into 
the antecubital vein." In each patient, only 
one eye that met the inclusion criterion was 
assessed for microaneurysms. The early 
phase was photographed on the reference 
eye first. Eight frames were studied: (1) 
two early frames at capillary times centered 
on the fovea were used for microaneurysm 
count and macular capillary assessment; (2) 
four peripheral frames were used to detect 
new vessels and capillary nonperfusion; and 
(3) two late frames centered on the macula 
and the disc were examined for assessment 
of macular edema. Abnormalities of major 
vessels were assessed using red-free and 
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fluorescein photographs. 

Microaneurysms on the fluorescein angio- 
grams were counted in a central 20° field 
centered on the fovea from the frame show- 
ing the best capillary details.” The angio- 
gram was projected onto a reading sheet 
using a microfilm reader (Zeiss Jena docu- 
mentor DL2, K. Zeiss, Jena, Germany). 
For accurate superimposition of serial pho- 
tographs, marker vessels were drawn in 
four quadrants. The 20° coding field was 
divided into 37 areas: the reading was al- 
ways done from left to right and from top to 
bottom, while a mask covered all but one 
area at a time. Microaneurysms were 
drawn on a reading sheet, by comparing 
them with two standard dots 25 wm and 
33 um in diameter in the retina, to separate 
the microaneurysms into two classes: defi- 
nite microaneurysms that were largest, ex- 
ceeding 33 um in diameter, and possible 
microaneurysms that were between 25 and 
33 um. A total of 1567 angiograms (ie, 95%) 
were read several times (two to four times) 
by six trained readers. Repeated reading 
was done for three reasons: (1) to improve 
the accuracy of the measurements made by 
each reader, (2) to evaluate between-ob- 
server reproducibility, and (3) to base the 
statistical analysis on the computed average 
of several determinations. The intraclass 
correlation coefficient between at least two 
readings was .886 for definite microaneu- 
rysms and .859 for total microaneurysms 
(definite and possible). 

Because the quality of the angiogram 
may influence the microaneurysmal count, 
the reading of each patient’s angiogram was 
weighted by a coefficient representing the 
dispersion of the quality of the angiogram 
compared with the mean quality for all 
angiograms for that patient. The quality of 
angiograms was based on the degree to 
which the capillary network and the mi- 
croaneurysm were visible and on their ho- 
mogeneity in the coding field, as referenced 
to an analogical millimeter visual scale 
ranging from zero (unreadable angiogram) 
to 160 mm (excellent quality). At the end of 
the trial, a trained technician, unaware of 
results, quantified at random the quality of 
all angiograms. The individual weighting 
coefficient was calculated according to the 
following formula: 1/[((Q-M)+1], in which Q 
is the quality of a given angiogram and M is 
the mean of the quality of all angiograms for 
each patient. When the quality of a given 
angiogram equaled the mean of all the 
angiograms of that patient, the weighting 
was maximum and equal to one. When the 
quality of the angiograms of a patient was 
heterogeneous, the weighting for a given 
angiogram decreased proportionally accord- 
ing to the size of the variation (positive or 
negative) from this mean. 

Secondary outcomes included the occur- 
rence of preretinal or prepapillary new ves- 
sels or both and the need for laser photoco- 
agulation on the eye examined in the trial, 
according to the codified indications. Macu- 
lar edema with a loss of visual acuity would 
require focal photocoagulation at the poste- 
rior pole; proliferative retinopathy would 
justify photocoagulation outside the poste- 
rior pole in the presence of preretinal new 
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Hydrochloride 


Placebo 
(n = 155) 
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Patient 
Characteristics 


Sex, No. M/F 

Age, y 

Diabetes characteristics 
Age at diagnosis, y + 
Duration of diabetes, y $ 


Treatment 
Total insulin dose, 
U/kg 


Diet only, % 
Sulfonyl urea, % 
Biguanide, % 
Both, % 


Metabolic control 
Fasting plasma glucose, 
mmol/L 


14 


Postprandial plasma 
glucose, mmol/L 

Local glycosylated 
hemoglobin, % 


Clinical characteristics 
Body mass index, 
kg/m? 
Systolic blood pressure, 
mm Hg 
Definite microaneurysmal 
count 


vessels at the periphery; and panretinal 
photocoagulation would be recommended 
for prepapillary and/or preretinal new ves- 
sels, if the latter were associated with 
intravitreous or preretinal hemorrhage. 

The status of diabetic retinopathy at 
baseline and for follow-up examinations was 
categorized according to three levels of 
severity. This grading was determined ac- 
cording to lesions (microaneurysms always 
present) as observed on red-free and fluo- 
rescein photographs: level 1—fewer than 
three cotton-wool spots, no hard exudates, 
fewer than five microhemorrhages, no cys- 
toid macular edema, no peripheral isch- 
emia, and no evident change in the larger 
vessels; level 2—former characteristics 
with three or more cotton-wool spots and/or 
one or two clusters of hard exudates; and 
level 3—at least one of the following types 
of lesions: more than two clusters of hard 
exudates, cystoid macular edema, large 
area of peripheral ischemia, severe deterio- 
ration in the larger vessels, and new 
vessels. 


Statistical Analysis 


Retinal changes were determined by the 
mean yearly progression in the number of 
microaneurysms on angiograms, calculated 
for each patient as the slope of the linear 
regression of the number of microaneur- 
ysms as a function of time.” This judgment 
criterion was chosen because it had already 
been validated in a previous trial,“ and it 
had been recommended at the conclusion of 
that study.” Each patient had to have at 
least three yearly readable angiograms dur- 
ing the 3-year follow-up to allow the calcula- 
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tion of the microaneurysmal slope. The 
computation of the slopes was weighted by 
the coefficient for angiographic quality as 
previously mentioned. The effect of the 
treatments was assessed by a two-way 
analysis of variance taking into consider- 
ation the type of diabetes (2x2 factorial 
design with fixed levels and proportional 
sample size). This gave us three hypothe- 
ses to study: (1) the efficacy of ticlopidine vs 
placebo in reducing the progression of mi- 
croaneurysms (one-tailed test); (2) the ef- 
fect of the type of diabetes (two-tailed test); 
and (3) the interaction between treatment 
and type of diabetes. The occurrence of new 
vessels was assessed using Fisher’s Exact 
Test. The progression of graded overall 
retinopathy was evaluated using the exact 
trend test, one tailed”; patient condition 
was considered as worsened when the se- 
verity level increased and it was considered 
as improved when the severity level de- 
creased. The level of statistical significance 
was fixed at 5%. The data on enrolled 
patients were analyzed according to the 
initial diabetes treatment group, even if 
this changed during the follow-up period. 


RESULTS 


Patient Enrollment, 
Baseline Characteristics, 
and Compliance With Protocol 


The TIMAD study was carried out 
between June 1979 and December 1985 
in eight clinical centers in France. The 
435 diabetic patients who were en- 
rolled in the study (215 receiving place- 
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Table 2.—Ophthalmologic Characteristics at Entry: Nonproliferative Retinopathy 
| Status* 


Nonproliferative 
Retinopathy Status 


Visual acuity, mean + SD 


Lesions on red-free photographs 
Cotton-wool spots 


Abnormal perimacular venules 
Hard exudates 


Hemorrhages (central 30°) 
1to5 


6 to 30 
>30 


Lesions on fluorescein angiograms 
Abnormal perifoveolar anastomotic 
arcade 


Dilated network with capillary dropout 


Macular edema at 5 min 
Noncystoid leak in central 5° 


Cystoid without central cyst 
Cystoid with central cyst 
Areas of peripheral capillary nonperfusion 


Lesions on red-free and fluorescein photographs 
Abnormal veins 


Abnormal arteries 


* Includes lesions other than microaneurysms. 


bo; 220, ticlopidine) comprised 314 in- 
sulin-treated (155 receiving placebo; 
159, ticlopidine) and 121 non-insulin- 
treated (60 receiving placebo; 61, ticlo- 
pidine) subjects. The demographic and 
clinical characteristics and diabetes 
treatment at entry are summarized in 
Table 1. The two groups were compa- 
rable for the medical factors tested. 
The mean number of definite micro- 
aneurysms was seven for the total 
population included. Of the patients 
with definite microaneurysms, 76% 
had fewer than 10, 17% had fewer than 
20, and 7% had 20 or more (up to 90). 
The mean count was higher in the 
ticlopidine group (7.7 microaneurysms) 
than in the placebo group (5.5 micro- 
aneurysms), but the difference was 
not statistically significant. The same 
trend was observed for total microan- 
eurysms (definite and possible), aver- 
aging 29 in the ticlopidine group and 25 
in the placebo group. The other charac- 
teristics of nonproliferative diabetic 
retinopathy appeared similar in both 
groups that had a visual acuity close to 
the normal range (Table 2). It should 
be noted that overall retinopathy sta- 
tus, graded according to three levels, 
was significantly (P = .02) more severe 
in the ticlopidine group at baseline 
(Table 3). Three quarters of the pa- 
tients were classified as level 1 and 
showed a mild background diabetic 
retinopathy. 

The mean period of patient follow-up 
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Patient Groups, % 

——— rr 
Ticlopidine 
Hydrochloride 
(n = 220) 
0.93 + 0.14 


Placebo 
(n = 215) 
0.93 + 0.13 


1.6 
9.5 





was 32+ 10 months in both groups. At 
the end of the trial, no patient was 
unavailable for follow-up, and the con- 
dition of all patients randomized for 
treatment was known. 


Adverse Reactions 


Seven patients (3%) in the placebo 
group and 29 patients (13%) in the 
ticlopidine group experienced side ef- 
fects that necessitated permanent dis- 
continuation of treatment. There was a 
statistically significant difference be- 
tween the two groups for total side 
effects (P<.001) and diarrhea (P<.05) 
(Table 4). The frequency of gastroin- 
testinal tract disorders was 1.3% with 
placebo and 5% with ticlopidine; the 
incidence of hemorrhagic effects was 
0.9% with placebo and 3.2% with ticlo- 
pidine. None of the patients receiving 
ticlopidine experienced ocular bleed- 
ing. Skin reactions occurred in the 
ticlopidine group (1.3%). The safety 
committee established ticlopidine as 
plausible or likely causation for 13 of 
these side effects. Permanent discon- 
tinuation of the treatment was related 
to a hematologic disorder in one pa- 
tient in the placebo group (neutro- 
penia) and in seven patients in the 
ticlopidine group. Of the three patients 
with minor neutropenia (neutrophil 
count, 1.2 to 1.8 x 10°/L), one condition 
was plausibly ascribed to ticlopidine. 
Severe neutropenia (neutrophil count, 
<0.45 x 10°/L) occurred in two patients 
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Table 3.—Ophthalmologic ; 
Characteristics at Entry: Graded _ 
Overall Retinopathy Status* 


Patient Groups 


Ticlopidine 
Hydrochloride 
(n = 217), 
No. (%) 
149 (68.7) 


Placebo 
(n = 213), 
No. (%) 
158 (74.2) 
32 (15.0) 20 (9.2) 
23 (10.8) 48 (22.1) 


* Exact trend test: P = .02 (two-sided). 


Table 4.—Discontinuation of 
Treatment for Adverse Effects During — 
3-Year Follow-up 


No. of Patients 
A eee ees 
Ticlopidine 
Placebo Hydrochloride 
Adverse Effects (n = 215) (n = 220) 


Gastrointestinal tract disorders 
Diarrhea 
Anorexia 
Nausea 
Abdominal pains 
Epigastralgia 
Hemorrhagic disorders 
Hematoma 
Epistaxis 
Hemoptysis 
Melena 
Purpura 
Dermatologic effects 
Pruritis 
Rash 
Photosensitization 
Hematologic effects 
Severe neutropenia 
Minor neutropenia 
Thrombocytopenia 
Hepatic disorders 
Liver enzymes 
Hepatitis 
Total 7 (3.3%) 


29 (13.2%) 





during the first 3 months of treatment: 
one case was plausibly attributable to 
ticlopidine (frequency, <0.5%). No 
case of neutropenia was associated 
with clinical complications, and the 
condition always reversed within days 
of stopping treatment with the drug. 
The two cases of thrombocytopenia in 
the ticlopidine group were moderate 
(platelets, 50 to 70x 10°/L). The liver 
enzyme abnormalities without jaundice 
that occurred in one patient in the 
ticlopidine group were plausibly at- 
tributable to ticlopidine (frequency, 
<0.5%). 


Glycemic Control and Platelet 
Aggregability Status 


Control of the diabetes was identical 
in both groups during the 3 years: 
insulin-treated diabetic patients were 
less well controlled (glycosylated he- 
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-Mean Values of Maximal Adenosine Diphosphate-Induced Aggregation During 3-Year Follow-up: 


At Entry 
SSS 
Ticlopidine 
Hydrochloride 
(n = 220) 


OD MAX (°%), 
umol/L 


Placebo 
(n = 215) 


*Values are means + SDs. 
TP < .001. 


moglobin, 8.7%+1.7% 


on average) 
than non-insulin-treated patients (gly- 
cosylated hemoglobin, 7.6%+1.6% on 


average). The incidence of clinical 
manifestations related to diabetes im- 
balance was similar in both groups. 
Treatment of the diabetes by special 
diet, oral hypoglycemic drugs, or insu- 
lin was comparable during the trial 
between the two groups. 

Throughout the 3-year follow-up, 
diabetic patients in the placebo 
group kept the same moderate plate- 
let hyperaggregability as at baseline. 
Ticlopidine administered to diabetic 
patients resulted in significant and 
constant hypoagegregability (P<.001) 
of about 60% at the lowest ADP con- 
centrations (0.66 pmol/L and 1.32 
mol/L), and 50% at the highest ADP 
concentrations (2.64 pmol/L and 6.6 
mol/L) (Table 5). Aggregation study 
at 6 minutes showed a marked and 
permanent disaggregation deficit in 
the placebo group, while ticlopidine 
induced a significant disaggregation of 
70% to 80% according to the ADP 
concentrations (P<.001). 


Analysis of the Main End Point 


The analysis of the microaneurysmal 
progression was based on 374 patients 
(186 receiving placebo; 188, ticlopidine) 
who had at least three readable angio- 
grams per year during the 3-year fol- 
low-up. Sixty-one patients were ex- 
cluded from the analysis because they 
did not meet this requirement: 29 pa- 
tients (18%) in the placebo group and 
32 patients (15%) in the ticlopidine 
group; the difference between these 
percentages was not statistically sig- 
nificant. The analysis was done on 1464 
angiograms and 3053 readings that 
were equally distributed between the 
two groups. During the study, the 
quality of the angiograms was similar 
in both groups and for both types of 
diabetes. The mean yearly progression 
in the number of definite microaneu- 
rysms was significantly less in the 
ticlopidine group (0.48+5.79 micro- 


1580 


_ Maximal Optical Density (OD MAX [%])* 


Ticlopidine 
(n = 177) 
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(186) 
Placebo 


Ticlopidine 


3 yr 
e LDN, 


Placebo 
(n = 158) 


Ticlopidine 
(n = 147) 


6.8 + 6.7t 


(n = 164) 





% Inhibition of 
Aggregation 


(42) (35) 


=0.57 
LOFT 


Ticlopidine Hydrochloride 





Relationship between the slope of definite microaneurysms (MA), weighted by the angiographic 
quality, and the platelet aggregation inhibition level (6.6 mol/L of adenosine diphosphate 
[ADP]) in patients treated with ticlopidine hydrochloride. Observation is at 3 years for all types of 
diabetes. The number of patients (N = 139) studied in the ticlopidine group is less than that of the 
188 patients analyzed for the slope of the microaneurysms at 3 years. In all, 49 patients were not 
included as 13 had not had the minimum three aggregation tests and 36 had an aggregation 
inhibition level less than 30% at 6.6 mol/L of ADP. 


aneurysms per year) than in the place- 
bo group (1.44+4.67 microaneurysms 
per year) (P=.03) (Table 6). Analysis 
of the data according to the type of 
diabetes showed a significant benefit 
for insulin-treated patients (P=.03); 
the annual increase in microaneurysms 
was reduced sevenfold. No statistical 
difference in the non-insulin-treated 
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patients was observed between the 
two groups. The results for definite 
microaneurysms not weighted for an- 
giographic quality were 1.28+3.93 in 
the placebo group and 0.51+5.71 in 
the ticlopidine group (P=.06). The 
mean yearly progression of total mi- 
croaneurysms (definite and possible) 
showed a trend similar to that for 
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Table 6.—Comparison of Yearly 
Progression of Definite 
Microaneurysms Between Treatment 
Groups* During 3-Year Follow-up 


Ticlopidine 
Hydro- P 
Placebo chloride Value 
1.57 + 5.29 0.23 +6.66 .03 
treated (131) (129) 
Non-insulin 1.14 + 2.71 1.02 + 3.14 NS 
treated (55) (59) 
Total 1.44 + 467 0.48 + 5.79 .03 
(186) (188) 


* Mean + SD of linear regression coefficient and 
number of patients (numbers in parentheses). Inter- 
action between treatment and type of diabetes, 
F,,370 = 1.06 (NS); comparison of insulin-treated 
patients vs non-insulin-treated patients, 
F,,371 = 0.11 (NS); and comparison of placebo vs 
ticlopidine, F,,371 = 3.13 (P= .03 [one-tailed 
test]). NS indicates not significant. 


Type of 
Diabetes 


Insulin 


Table 7.—Number of Patients With 
New Vessel Occurrence During 
3-Year Follow-up * 


Type of Ticlopidine P 
Diabetes Placebo Hydrochloride Value 

Insulin treated 6 
(155) 


(159) 

Non-insulin 3 2 
treated (60) (61) 

Total 9 3 


(215) (220) 


* Numbers in parentheses indicate numbers of pa- 
tients in the trial. 
TNS indicates not significant. 


definite microaneurysms (2.60 =+ 14.02 
in untreated patients and 0.81 10.36 
in treated patients), but the results 
were not statistically significant. 
When the patients who had only two 
readable angiograms over a 2-year fol- 
low-up (16 in the placebo group and 14 
in the ticlopidine group) were included 
in the final data of the yearly progres- 
sion of definite microaneurysms, the 
results were not statistically signifi- 
cant between the two groups, but they 
supported a favorable trend in the 
insulin-treated patients (P = .06). 

The study of the distribution of the 
mean yearly progression of definite 
microaneurysms over 3 years accord- 
ing to the mean platelet hypoaggrega- 
bility status of patients treated with 
ticlopidine was based on 139 patients 
presenting an aggregation inhibition 
level of at least 30% at 6.6 pmol/L of 
ADP (Figure). The progression of mi- 
croaneurysms over 3 years showed an 
inverse relationship to the hypoag- 
gregability level of these patients: the 
greater the antiaggregating effect of 
ticlopidine, the slower the microaneur- 
ysm progression was. Patients with 
the highest hypoaggregability were 
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Nonproliferative 
Retinopathy Status 


Visual acuity, mean + SD 


Lesions on red-free photographs 
Cotton-wool spots 


Abnormal perimacular venules 
Hard exudates 
Hemorrhages (central 30°) 
1to 5 
6 to 30 
>30 


Lesions on fluorescein angiograms 
Abnormal perifoveolar anastomotic 
arcade 


Dilated network with capillary dropout 


Macular edema at 5 min 
Noncystoid leak in central 5° 


Cystoid without central cyst 
Cystoid with central cyst 
Areas of peripheral capillary nonperfusion 


Lesions on red-free and fluorescein photographs 
Abnormal veins 


Abnormal arteries 
* includes lesions other than microaneurysms. 


markedly improved compared with pa- 
tients receiving placebo: at 50% or 
greater inhibition of aggregation, the 
microaneurysm progression stopped or 
even reversed. 


Analysis of Secondary Outcomes 


Deterioration toward proliferative 
retinopathy occurred over the 3-year 
period in nine patients (4%) in 
the placebo group and in three pa- 
tients (1.4%) in the ticlopidine group 
(P=.065) (Table 7). Five of the nine 
patients in the placebo group showed 
preretinal new vessels and four had 
both preretinal and prepapillary new 
vessels. The three patients in the 
ticlopidine group showed no prepapil- 
lary new vessels. There was a bor- 
derline statistically significant differ- 
ence in the insulin-treated patients 
(P=.056). Large areas of peripher- 
al capillary nonperfusion increased 
slightly in the ticlopidine group while 
there was a threefold, although nonsig- 
nificant, increase in these areas for the 
placebo group over the 3 years (Table 
8). Six patients underwent photocoag- 
ulation on the eye selected for the trial 
during the 3 years (five in the pla- 
cebo group and one in the ticlopidine 
group). As for other lesions of diabetic 
retinopathy, there was no statistically 
significant difference in the two groups 
by the end of the study and the reti- 
nopathy had no consequence on visual 
acuity, which remained close to normal 
values during the 3 years (Table 8). 





Patient Groups, % 
OO eae 
Ticlopidine Hydrochloride 

(n = 150) 
0.88 + 0.20 


Placebo 
(n = 153) 
0.90 + 0.10 


2.2 0.7 
17.3 14.3 
31.7 


18.3 
3.6 
0.7 





Table 9.— Ophthalmologic 
Characteristics at 3 Years: Graded 
Overall Retinopathy Status * 


Patient Groups 
a TTT 


Ticlopidine 
Hydrochloride 
(n = 144), 
No. (%) 

95 (66) 

19 (13.2) 

30 (20.8) 


Placebo 
(n = 149), 
No. (%) 
99 (66.4) 
17 (11.4) 
33 (22.2) 


*Exact trend test: P = .49 (one-sided). 


Analysis of Overall 
Retinopathy Progression 


Overall retinopathy status, graded 
according to three levels, became fair- 
ly similar for the two groups at 3 years 
(Table 9). Nevertheless, the retin- 
opathy progression was significantly 
(P = .04) less severe in patients treated 
with ticlopidine (Table 10). 


COMMENT 


It has long been thought that anti- 
platelet agents might improve the 
course of diseases that are associated 
with abnormal platelet behavior and 
platelet thrombi. This hypothesis was 
the basis for the study of ticlopidine in 
patients with nonproliferative diabetic 
retinopathy. Our findings indicated 
that in such a population followed up 
over 3 years, ticlopidine significantly 
reduced the mean yearly progression 
of microaneurysms, as counted on fluo- 
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Table 10.—Patient Distribution 
According to the Progression of 
Graded Overall Retinopathy Status * 





Patient Groups 










Ticlopidine 










Overall Placebo Hydrochloride 
Retinopathy (n = 149), (n = 142), 
Progression No. (%) No. (%) 












Worsened 29 (19.5) 19 (13.4) 
Stable 106 (71.1) 102 (71.8) 
Improved 14 (9.4) 21 (14.8) 





*Worsened indicates increase of severity level; 
improved, decrease of severity level. Exact trend test: 
P = .04 (one-sided). 


rescein angiograms. A threefold reduc- 
tion in the increase in microaneurysms 
was observed in treated patients com- 
pared with untreated patients. Ticlopi- 
dine appeared to be significantly ef- 
fective in insulin-treated diabetic 
patients, in whom a sevenfold decrease 
of microaneurysmal progression was 
observed, whereas no statistical differ- 
ence was observed in non-insulin- 
treated patients. The deterioration to- 
ward proliferative retinopathy was 
less in the ticlopidine group and was 
almost statistically significant; the dif- 
ference was only observed in the insu- 
lin-treated diabetic patients. The pro- 
gression of overall retinopathy was 
significantly less severe in the ticlopi- 
dine group. 

Microaneurysms were selected as 
the main end point for the evaluation 
of the effect of ticlopidine in nonproli- 
ferative diabetic retinopathy because 
of their clinical significance (associated 
with capillary occlusions) and because 
they can be quantitatively assessed. 
Microaneurysms are the earliest le- 
sions of diabetic retinopathy to develop 
at the edges of nonperfused areas." 
They are the lesions most reliably 
identified and counted at the posterior 
pole on fluorescein angiograms. Al- 
though microaneurysms may be easily 
detected on standard-quality angio- 
grams, not all lesions are, especially 
the small areas of capillary nonperfu- 
sion that are visible only in the imme- 
diate perifoveal area on the best-quali- 
ty angiograms. Furthermore, micro- 
aneurysms accurately reflect the se- 
verity of nonproliferative diabetic reti- 
nopathy. Their number increases with 
the duration of the diabetes” and with 
other clinical signs of diabetic retinopa- 
thy. The Kroc Study’ (supported by 
the Kroc Foundation) showed signifi- 
cant correlations between microaneu- 
rysmal count and the severity of hem- 
orrhages, cotton-wool spots, hard 
exudates, and intraretinal microvascu- 
lar abnormalities. The pilot study of 


the Diabetes Control and Complica- 
tions Trial Research Group” and the 
Wisconsin Epidemiology Study” re- 
ported a progression in the microan- 
eurysmal count with increasing preva- 
lence of structural features of the 
retinopathy. Microaneurysms, as eval- 
uated by the “Wisconsin 191” photo- 
graphic grading system,” were quanti- 
fied using fluorescein angiography 
and/or color photography in several 
trials” to evaluate the role of gly- 
cemic control in nonproliferative dia- 
betic retinopathy. Angiography was 
selected for the TIMAD study because 
a quantified sensitive and reproducible 
method of counting microaneurysms 
had been developed and validated.” 
The trial confirmed that with this 
method, small changes could be repro- 
ducibly detected between replicate 
readings, however slow the course of 
diabetic retinopathy. As in the KROC 
Study,” microaneurysms were catego- 
rized according to size as being definite 
(above 33 wm) or possible (25 to 33 
um). The assessment of definite mi- 
croaneurysms using angiography in- 
creased the specificity of the measure- 
ments. Our study showed that of four 
total microaneurysms, one was defi- 
nite and three were possible. The ef- 
fect of ticlopidine treatment showed a 
similar trend for definite and total 
microaneurysms, but the latter analy- 
sis did not reach statistical significance 
because of the increased variability of 
measurements. 

We chose to evaluate the effect of 
the treatment by calculating the slope 
of the regression of the number of 
microaneurysms over time for each 
patient. We preferred to use the slope 
instead of the microaneurysm count for 
three reasons: (1) the slope quantified 
the individual progression of microan- 
eurysms; (2) it had been validated in a 
previous study” as demonstrating the 
relevance of well-controlled diabetes; 
and (3) it was the simplest statistical 
method among those proposed in the 
Job Study Revisited.” Weighting the 
slopes according to angiographic quali- 
ty enabled us to eliminate variations in 
the numbers of microaneurysms be- 
cause of the heterogeneous readability 
of photographs at yearly examinations. 
The results of the progression of mi- 
croaneurysms while the patients were 
receiving ticlopidine remained close to 
significance if the angiographic quality 
coefficient was not applied. 

The yearly progression in microan- 
eurysms in the placebo group and the 
difference between the two groups 
were less than the previous findings of 
the Job Study.” This discrepancy ap- 
peared to be related to the smaller 
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coding field in our study and the more 
standardized and accurate method that 
categorized definite and possible mi- 
croaneurysms. The data obtained un- 
derlined the slow course of diabet- 
ic retinopathy in its nonproliferative 
stage and the value of microaneurysms 
in assessing the effect of a treatment. 

The reduction of microaneurysmal 
progression in treated patients might 
be linked to capillary occlusion. Never- 
theless, other findings were consistent 
with a beneficial effect of the antiplate- 
let treatment. A recently published 
study” on nonproliferative diabetic 
retinopathy that applied the same pro- 
tocol as in our trial showed a clear 
relationship between the deterioration 
in ophthalmologic signs and the in- 
crease of microaneurysms. Our study 
indicated a parallel increase of the 
microaneurysmal count with the occur- 
rence of peripheral nonperfused areas 
and new vessels in worsened patients. 
In the ticlopidine group, three findings 
appeared to be of particular signifi- 
cance: (1) the inverse relationship ob- 
served between the progression of mi- 
croaneurysms and the level of inhibi- 
tion of platelet aggregation in treated 
patients; (2) the favorable trend to- 
ward limiting proliferative retinopathy 
that is associated with a lower inci- 
dence of peripheral capillary nonperfu- 
sion; and (3) the significantly less se- 
vere progression of overall retino- 
pathy. These results regarding mi- 
croaneurysms, neovascularization, pe- 
ripheral ischemia, and overall retinop- 
athy evolution strongly suggest that 
the treatment effect on diabetic reti- 
nopathy progression is related to its 
antiaggregating and antithrombotic ac- 
tion. 

Another question arising from the 
TIMAD study concerned the different 
effects of ticlopidine on microaneu- 
rysms and new vessels according to 
the type of diabetes. Ticlopidine signif- 
icantly slowed down the microaneurys- 
mal progression compared with place- 
bo, but its beneficial effect was shown 
only in insulin-treated patients. This 
discrepancy might be related to a less 
severe nonproliferative diabetic reti- 
nopathy in non-insulin-treated pa- 
tients, insufficient to evaluate the mi- 
croaneurysmal end point given the 
small number of patients and the 3- 
year follow-up period. The non-insu- 
lin-treated patients exhibited a smaller 
number of microaneurysms at entry, 
and there was a lower annual microan- 
eurysmal progression after 3 years in 
the placebo group. The history of dia- 
betes was 4 years shorter in the non- 
insulin-treated patients. These find- 
ings might also explain the lesser inci- 
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dence of new vessels in non-insulin- 
treated patients. These data are in 
agreement with those of the Wisconsin 
epidemiologic study” that indicated 
a higher prevalence of retinal comp- 
lications in insulin-treated diabetic 
patients than in non-insulin-treated 
diabetic patients. The prevalence 
of proliferative retinopathy after 15 
years of diabetes is 20% in insulin- 
treated diabetic patients and 4% in 
non-insulin-treated diabetic patients. 
The TIMAD and the DAMAD (di- 
pyridamole aspirin, microangiopathy 
of diabetes) studies, using the same 
selection criteria and ophthalmologic 
examinations, have shown that the two 
antiplatelet agents, ticlopidine or aspi- 
rin (alone or combined with dipyrida- 
mole), did not have similar effects in 
nonproliferative diabetic retinopathy. 
Aspirin alone or in combination with 
dipyridamole produced comparable ef- 
fects in both types of diabetic patients, 
but no difference in comparison with 
placebo was noted in the incidence of 
new vessels. Until now, it could be 
hypothesized that these different re- 
sults might be related to the specific 
mechanisms of action on platelets by 
aspirin” and ticlopidine® and/or to some 
different features in the populations of 
diabetics recruited in the two trials, 
such as the initial severity of retinopa- 
thy or other risk factors. Such clinical 
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differences between antiplatelet 
agents have been commonly reported 
from clinical trials in cardiovascular 
and cerebrovascular diseases.” 

Adverse reactions in diabetic pa- 
tients receiving ticlopidine occurred 
with the typical characteristics,’ with- 
out, however, any serious repercus- 
sions. Ticlopidine was not associated 
with any retinal or vitreous hemor- 
rhagic complication and the risk of 
neutropenia was able to be monitored 
by bimonthly complete blood cell 
counts during the initial 3 months of 
ticlopidine treatment. Therefore, the 
benefit of ticlopidine in slowing down 
the progression of nonproliferative dia- 
betic retinopathy appeared to be of 
clinical importance for a population 
with such a high risk of visual deteri- 
oration. 


The TIMAD Study Group 


Members of the TIMAD study group are as 
follows: 


Steering Committee.—Chairman: Jacques Mir- 
ouze, MD, Montpellier, France; Edith Albengres, 
MD, Créteil, France; Jacques Caen, MD, Paris, 
France; Gabriel Coscas, MD, Créteil; Pierre 
Drouin, MD, Nancy, France; Eveline Eschwége, 
MD, Villejuif, France; Albert Luft, MD, Paris; 
Léon Perlemuter, MD, Créteil; Gabriel Quentel, 
MD, Créteil; Jean Rosa, MD, Créteil; Alain Sébille, 
MD, Paris; Jean-Francois Stoltz, PhD, Nancy; 
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Vitreous Amyloidosis Associated With Homozygosity 


for the Transthyretin Methionine-30 Gene 


Ola Sandgren, MD; Gösta Holmgren, MD, PhD; Erik Lundgren MD, PhD 


è Familial amyloidotic polyneuropathy 
is an autosomal dominant inherited dis- 
order. Biochemical studies have re- 
vealed that the amyloid protein in familial 
amyloidotic polyneuropathy of Japa- 
nese, Swedish, and Portuguese origin 
mainly consists of a variant transthyretin 
with one amino acid substitution of me- 
thionine for valine at position 30, termed 
TTR met-30. In five Swedish patients with 
familial amyloidotic polyneuropathy we 
diagnosed homozygosity for the TTR 
met-30 gene using restriction fragment 
length polymorphism analysis. The ho- 
mozygous individuals did not show more 
severe systemic symptoms or earlier on- 
set than heterozygotes for the TTR met- 
30 gene. The only clinical difference was 
the presence of vitreous opacities in all 
homozygous patients. 

(Arch Ophthalmol. 
1586) 


1990;108:1584- 


V itreous amyloidosis is usually asso- 

ciated with familial amyloidosis of 
the neuropathic type (FAP). In most 
forms of FAP, mutated transthyretin 
(TTR, prealbumin) seems to be the 
main component of amyloid fibril. Sev- 
eral variant TTRs containing single 
amino acid substitutions are known.’ 
In patients with FAP from Portugal, 
Japan, and Sweden, there is a variant 
TTR with a substitution of methionine 
for valine at position 30 of the protein 
(TTR met-30) due to a nucleotide shift 
from guanine to adenine in the mu- 
tated gene, creating a cleavage site for 
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the restriction enzyme NsiI not found 
in the nonmutated sequence.™ By re- 
striction fragment length polymor- 
phism (RFLP) analysis, we recently 
reported the TTR met-30 mutation in 
patients with vitreous amyloidosis but 
without systemic symptoms or family 
history of FAP.’ We describe five pa- 
tients having FAP with homozygosity 
for the TTR met-30 gene and vitreous 
amyloidosis. 


REPORT OF CASES 


The patient data are presented in the 
Table. The mean age was 65 years at exami- 
nation and 59 years at onset of eye symp- 
toms. All patients originated from an area 
in northern Sweden where many patients 
with FAP have been diagnosed. Four of the 
patients showed signs of peripheral polyn- 
europathy and the diagnosis of amyloidosis 
was confirmed by histopathologic examina- 
tion of biopsy specimens. In one patient, 
vitreous opacities were the only manifesta- 
tion of amyloidosis. 

CASE 5.—A 73-year-old woman was re- 
ferred to the ophthalmologist in September 
1980 for floaters in her right eye for 1 year. 
She had suffered from paresthesia and pain 
in her legs since 1974; amyloidosis had been 
verified by rectal biopsy in 1978. At that 
time neurologic examination revealed pe- 
ripheral sensory neuropathy with impair- 
ment of pain and temperature sensation in 
her feet. 

In 1980, her corrected visual acuity was 
1.0 OU. The intraocular pressures were 
normal, as were the anterior segments ex- 
cept for pseudoexfoliation of the lens of her 
left eye. The posterior part of the vitreous 
of the right eye contained thin veil-like 
opacities. At reexamination in April 1981, 
vitreous opacities were observed bilateral- 
ly, but there were no retinal abnormalities. 
Her visual acuity had decreased to finger 
counting in the left eye and 0.1 in the right 
eye. A pars plana vitrectomy was per- 
formed in both eyes in 1982, and her visual 
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acuity improved to 0.9 bilaterally. Her left 
eye was reoperated on in 1987 for recur- 
rence of vitreous deposits. 

An older sister and an older brother both 
had FAP with onset at 47 and 71 years of 
age, respectively. Both had vitreous 
opacities. 

CASE 67.—A 70-year-old woman had 
poor vision in her left eye since childhood 
due to central corneal opacities and exotro- 
pia. At examination in 1940, the visual 
acuity was finger counting at 1 m in the left 
eye. In 1974, her visual acuity was 1.0 OD 
and it had declined to hand movements in 
the left eye. The ocular fundus of her left 
eye could not be inspected. 

She had had slight paresthesias for 20 
years and increasing problems with loss of 
sensitivity for pain, temperature, and touch 
since 1978. A jejunal biopsy confirmed the 
diagnosis of amyloidosis in 1979. 

In 1981 she complained of low vision in 
the lower part of the visual field in her right 
eye, and small dotlike retinal hemorrhages 
were seen. These hemorrhages disappeared 
but similar hemorrhages appeared again in 
1983. In January 1986, her visual acuity 
was 1.0 OD. The retina appeared normal 
but slight vitreous opacities were present. 
In December 1986, there was a sudden loss 
of vision with visual acuity of finger count- 
ing at 3 m in the right eye. The retina was 
pale with attenuated vessels. An occlusion 
of the central retinal artery was suspected 
and the patient was treated with anticoagu- 
lants. By April 1989, her visual acuity had 
improved to 0.5. 

She developed a capsular glaucoma in her 
left eye in 1983. The glaucoma could not be 
controlled and the eye became blind and 
painful and was enucleated 4 years later. 

Two elderly brothers of patient 67 have 
FAP with onset at age 65 and 67 years, 
respectively. One of them had vitreous 
amyloidosis. 

CASE 87.—A 55-year-old man with sus- 
pected systemic amyloidosis was referred 
to an ophthalmologist in September 1986 for 
a conjunctival biopsy. Since 1983, the pa- 
tient had had increasing problems with loss 
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- Clinical Data for Five Swedish Patients With Homozygosity for the TTR Met-30 Mutation 
: and Vitreous Amyloidosis* 


Patient No./ 
Sex/Age, y 


Age at Onset of 
Eye Symptoms, y 


67/F/70 
87/M/57 
92/M/58 
105/M/67 


* TTR Met-30 indicates transthyretin with one amino acid substitution of methionine for valine at position 30. 


of sensitivity to pain, temperature, and 
touch. Progressive peripheral polyneuro- 
pathy developed in 1985. His visual acuity 
was 1.0 OD and 1.0 OS. The intraocular 
pressure was normal as was the anterior 
segment, except for conjunctival microan- 
eurysms. The vitreous body and the fundus 
were normal in both eyes. The conjuctival 
biopsy specimen and later a subcutaneous 
fat aspiration biopsy specimen were both 
negative for Congo red staining. 

In April 1987, the patient noticed an 
impairment of his vision in the left eye. At 
examination in May, his visual acuity was 
1.0 OD and 0.2 OS. In his left eye, lattice 
like veils were seen in the vitreous body. 
Vitreous amyloidosis was suspected, and in 
September 1987, a pars plana vitrectomy 
was performed on his left eye. Examination 
of the vitreous showed amyloid; RFLP 
analysis showed homozygosity for the TTR 
met-30 gene. 

In a family study, a sister presented the 
same homozygous RFLP pattern but no 
symptoms of FAP.” 

CASE 92.—A 56-year-old man was first 
examined in January 1988 for opacities in 
his right visual field. His visual acuity was 
1.0 OD and 1.0 OS. His right eye showed a 
posterior vitreous detachment but the reti- 
na was normal. During 1988 his vision de- 
clined in the right eye. At examination in 
January 1989, visual acuity was finger 
counting at 1 m OD and 1.0 OS. The 
intraocular pressure and the anterior seg- 
ment were normal. In his right eye, dense 
opacities were present in the vitreous, pre- 
cluding examination of the fundus, and thin 
veils were seen in his left eye. He had no 
signs of systemic disease or polyneuropathy 
of the type associated with FAP. A pars 
plana vitrectomy was performed in his right 
eye. Examination of the obtained vitreous 
material showed amyloid. 

His elderly brother has slight symptoms 
of peripheral polyneuropathy, but he has 
not been examined with RFLP analysis or 
biopsy. 

CASE 105.—A 67-year-old man was first 
examined in February 1989 for vitreous 
floaters in his right eye. Since 1982, he had 
had symptoms of peripheral polyneuro- 
pathy. In 1985, a rectal biopsy was per- 
formed and examination of the tissue 
showed amyloid. At examination in Sep- 
tember 1989, visual acuity was 0.1 OD and 
1.0 OS. A pars plana vitrectomy was per- 
formed in his right eye in October 1989. 

The patient has no brothers or sisters, 
but a maternal aunt had FAP. 
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Polyneuropathy, y Vitrectomy 





RFLP ANALYSIS 


For the DNA analysis, total genomic 
DNA was extracted from leukocytes from 
the five patients described in this study, 
and RFLP analysis was performed as previ- 
ously described.” Briefly, the purified DNA 
samples were digested with NsiI and the 
resulting fragments were separated by gel 
electrophoresis on 0.8% agarose gels and 
were transferred to nylon membrane filters 
(Hybond, Amersham International, Amer- 
sham, England) according to the method 
described by Southern.’ The probe used 
was a 500-base pair human TTR comple- 
mentary DNA fragment,’ which was cloned 
into the plasmid pSP65 at the unique EcoRI 
site and labelled with phosphorus 32 deoxy- 
cytidine triphosphate to a specific activity 
of 10° to 10° cpm/ug using the multiprime 
labeling kit RPN 1601 (Amersham). 


RESULTS 


At RFLP analysis with a TTR probe 
after cleavage with NszI, only variant 
fragments of 5.1 and 1.5 kilobases 
were seen in samples from all five 
patients. The fragment of 6.6 kilobases 
seen in normal individuals and hetero- 
zygotes for the TTR met-30 gene was 
not present (Figure). 


COMMENT 


Since 1965, approximately 280 pa- 
tients with FAP have been diagnosed 
in northern Sweden. Most patients are 
from the “FAP area” in the northern 
part of Vasterbotten and the southern 
part of Norrbotten, the two northern- 
most Swedish counties. Familial amy- 
loidotic polyneuropathy is character- 
ized by peripheral polyneuropathy 
with sensory and motor disturbances, 
autonomic dysfunction, and, in some 
cases, vitreous opacities of typical ap- 
pearance. The diagnosis of amyloidosis 
has been confirmed by histopathologic 
examination of biopsy specimens, usu- 
ally from skin or rectal mucosa. 

Concerning the frequency of vitre- 
ous opacities in FAP Swedish type, 
105 patients have been examined by an 
ophthalmologist, and vitreous opacities 
were present in 30 (29%) patients; 70 
of the patients were examined by one 
of us (O.S.). The frequency of vitreous 
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Southern blot analysis of DNA from blood 
cells cleaved with Nsil and probed with a 
human transthyretin complementary DNA 
probe. One control subject (C) and two pa- 
tients, one homozygote (Hom) and one het- 
erozygote (Het), are shown. The normal indi- 
vidual only shows fragments of 6.6 and 3.2 
kilobases. The heterozygote has additional 
fragments of 5.1 and 1.5 kilobases. The ho- 
mozygote has the 3.2-kilobase fragment and 
the extra fragments of 5.1 and 1.5 kilobases, 
while the 6.6-kilobase fragment is lost. 


Hom 


opacities among the patients not exam- 
ined by an ophthalmologist is un- 
known, but the presence in 30 patients 
indicates an overall prevalence of at 
least 10%. In 11 patients, the vitreous 
opacities were the single or earliest 
manifestation of FAP. Vitreous opaci- 
ties are more common in late-onset 
patients (27%) than in early-onset 
cases (10%) (O.S., unpublished data, 
February 1990). Late-onset FAP is 
defined as a case in which no symp- 
toms occur before the age of 52 years.” 

The frequency of the TTR met-30 
gene has been estimated to be 2% in 
the Swedish FAP area, a high number 
compared with the number of patients 
affected.” Some patients are affected 
at an elderly age, and some have no 
other symptoms than vitreous opaci- 
ties.’ The conclusion is that beside the 
mutation, other unknown factors are 
necessary for amyloid fibril formation 
and for the development of amyloid 
deposits. 

Since 1987, RFLP analysis has been 
used to indicate the TTR met-30 muta- 
tion. Seventy patients, among them 12 
with vitreous amyloidosis, have been 
examined and all of them were carriers 
of the TTR met-30 gene; 65 patients 
were heterozygous, and five patients 
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(those presented in this study) were 
homozygous. Thus, the five homozy- 
gous cases were all found among pa- 
tients with vitreous amyloidosis. In 
one of the five patients, vitreous opaci- 
ties were the only manifestation of 
FAP. The homozygous individuals did 
not show more severe systemic symp- 
toms or earlier onset than did hetero- 
zygotes for the TTR met-30 gene. The 
only clinical difference was the pres- 
ence of vitreous opacities in all homo- 
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The presence of vitreous amyloidosis 
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greater risk for amyloid fibril forma- 
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gotes than among heterozygous indi- 
viduals. It seems reasonable to assume 
that amyloid fibril formation is related 
to the function or metabolism of TTR 
in the eye or to local factors in the eye 
or the vitreous space. Thus, further 
biochemical studies of amyloid fibrils 
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Solitary Orbital Involvement With Juvenile Xanthogranuloma 


Carol L. Shields, MD; Jerry A. Shields, MD; Harry W. Buchanon, MD 


èe A newborn girl was noted to have a 
smooth superonasal orbital and presep- 
tal mass at the time of birth. The mass 
enlarged slightly over 3 months and a 
biopsy revealed histiocytes and Touton 
giant cells, compatible with juvenile 
xanthogranuloma. The infant had no oth- 
er manifestations of juvenile xanthogran- 
uloma. The mass subsided after system- 
ic corticosteroid therapy was adminis- 
tered. Solitary orbital involvement with 
juvenile xanthogranuloma is exceedingly 
rare and most of these patients are found 
to lack the typical cutaneous lesions. 
Observation, oral prednisone, or low- 
dose radiotherapy are recommended 
forms of treatment. 

(Arch Ophthalmol. 
1589) 


1990;108:1587- 


„J uvenile xanthogranuloma (JXG) is a 

benign cutaneous disorder of infants 
and young children. The characteristic 
yellow-red skin nodules usually appear 
within the first few months or years of 
life and regress spontaneously during a 
l-year period without complications. ` 
The most widely recognized ocular 
manifestation of JXG is iris infiltra- 
tion, which can lead to hyphema and 
secondary glaucoma.” Orbital involve- 
ment with JXG is exceedingly rare.’ 
To our knowledge, only six patients 
with orbital involvement with JXG 
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have been described in the English 
literature, most of whom did not have 
the classic skin lesions.**“’ We report 
the clinical and histopathologic find- 
ings in a newborn with solitary orbital 
JXG and briefly review the literature 
on the ocular manifestations of this 
disease. 


REPORT OF A CASE 


A 3-month-old Vietnamese girl was noted 
by her pediatrician to have a small “swell- 
ing” above the left upper eyelid at the time 
of birth. The lesion had increased during 
the ensuing 3 months and the patient was 
referred for ophthalmologic evaluation. The 
child was otherwise entirely healthy. She 
was the product of a normal pregnancy, 
labor, and vaginal delivery and weighed 
2.98 kg at birth. Her siblings and parents 
were healthy. 

On our examination, the infant fixed and 
followed well with each eye. Intraocular 
pressures were normal in both eyes. The 
anterior and posterior segments of both 
eyes were normal by penlight and indirect 
ophthalmoscopic examination. The perti- 
nent findings were limited to the left brow 
region. There was a firm, fixed, nontender, 
smooth mass, measuring 18 x 20 mm in bas- 
al dimensions, extending from the left su- 
peronasal brow to the superonasal orbital 
rim (Fig 1). Its posterior extent could not 
be ascertained clinically. The overlying skin 
was of normal color and texture. The mass 
did not pulsate or increase with crying or 
straining. The orbital rim was otherwise 
intact. Extraocular motility and ocular 
alignment were normal. There was no pro- 
ptosis by Hertel exophthalmometry. The 
remainder of the infant’s skin and mucosa 
were entirely normal. 

Computed tomography revealed an ex- 
traconal soft-tissue density in the supero- 
medial aspect of the left orbit (Fig 2). The 
mass extended from the preseptal region 
posteriorly along the medial orbital wall 
back to the orbital apex in an ill-defined 
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fashion. The mass was homogeneous except 
for a single tiny focus of high density in its 
posterior portion compatible with hemor- 
rhage or calcification. There was minimal 
enhancement with contrast. The orbital 
bones and globe appeared normal. 

Because the lesion was possibly a malig- 
nant tumor, such as rhabdomyosarcoma or 
fibrosarcoma, an incisional biopsy was per- 
formed via a superonasal infrabrow inci- 
sion. The anterior portion of the mass was 
easily dissected from the surrounding tissue 
and peeled from its attachments to the 
frontal bone. No attempt was made to 
remove the posterior aspect because of its 
diffuse nature. Intraoperatively, the mass 
was a firm, white, fibrous structure with 
minimal vascularity. 

Gross examination revealed a rubbery 
gray piece of tissue measuring 15x 15x9 
mm. Microscopically, the tissue demon- 
strated marked cellularity with fairly uni- 
form histiocytes and numerous multinucle- 
ated giant cells (Figs 3 and 4). Lipid- 
positive droplets were noted within many of 
the cells with the oil red O stain on fresh 
tissue. The results of immunologic marker 
studies for histiocytes (antichymotrypsin 
and Mac-3) were positive. The final diagno- 
sis was orbital JXG. 

After surgery, the child was treated with 
a 3-week course of oral corticosteroids with 
the guidance of her pediatrician. Two 
months later the wound was well healed 
and the orbital mass was nonpalpable. A 
repeated computed tomographic scan 5 
months after surgery showed almost com- 
plete resolution of the orbital mass (Fig 5). 
There have been no other clinical manifesta- 
tions of JXG after 5 months. 


COMMENT 


Juvenile xanthogranuloma is an idio- 
pathic cutaneous disease of infants and 
young children characterized by multi- 
ple yellow-red papules. It was first 
described in 1909 by McDonaugh” as a 
nevoxanthoendothelioma. Helwig and 
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Fig 1.—Left, External photograph of a 
3-month-old girl demonstrating the superona- 
sal orbital mass. Right, Close-up view of 
smooth-surfaced superonasal mass. 








Fig 2.—Left, Computed tomographic scan showing preseptal and orbital involvement with the soft-tissue mass. Right, 
Computed tomographic scan of the posterior aspect of the orbital mass illustrating the diffuse nature of the apex 
involvement, primarily in the superior orbit. 


Hackney” reported a series of 53 cases 
in 1954 and proposed the term juvenile 
xanthogranuloma to describe the skin 
lesions. Clinically, the skin lesions 
arise in early infancy and may be pres- 
ent at birth. However, they may de- 
velop in childhood or, rarely, in adult 
life. They generally range from 0.5 to 
1.0 cm in diameter but may be larger if 
they are of the “macronodular” vari- 
ant.’ The lesions usually run a benign 
course, with spontaneous regression 
within 1 year, but they may persist for 
several years. 

Juvenile xanthogranuloma usually 
remains limited to the skin. However, 
there have been several reports of 
pulmonary, pericardial, testicular, and 
intraocular infiltrates.’ The eye is the 
most common location of extracutan- 
eous involvement of this primary skin 
disease.’ Ocular involvement is usually 
manifested as xanthogranulomatous 
infiltration of the iris, which can lead 
to hyphema and glaucoma. The first 
case, to our knowledge, of intraocular 
involvement of JXG reported in the 
ophthalmic literature was in 1956.° Ju- 
venile xanthogranuloma has also been 
noted to occur in the cornea, conjuncti- 
va, episclera, optic nerve, eyelid, and 
orbit.” Orbital involvement with JXG 
was first reported by Zimmerman’ in 
his excellent review of 34 cases of this 
disease with various ocular manifesta- 


1588 


Fig 3.—Photomicrograph of the orbital mass sh 
well-defined nuclei and slightly foamy cytoplasm. The arrows depict several Touton giant cells 
(hematoxylin-eosin, original magnification x 50). 


tions. He accumulated five patients 
with orbital involvement, four of whom 
had no skin involvement. The lesion 
was present at birth in three of the 
cases and developed when the child 
was 2 or 3 months of age in the other 
cases. Bone erosion was noted in one of 
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these cases, the details of which were 
subsequently published in articles by 
Sanders and Miller’ in the ophthalmic 
literature and Staple and associates” 
in the roentgenologic literature. The 
sixth case of orbital involvement with 
JXG was reported in 1967 by Gaynes 
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Fig 4.—High-power photomicrograph of one of the Touton giant cells (T) showing the foamy 
cytoplasm and large lipid vacuoles (hematoxylin-eosin, original magnification x 250). 





Fig 5.—Computed tomographic scan of the superior orbit showing almost complete resolution of 
the diffuse mass. 


and Cohen.* Their patient was a fever- 
ish 8-month-old girl with no skin le- 
sions but massive proptosis from the 
orbital tumor. 

To our knowledge, ours is the sev- 
enth case of orbital involvement with 
JXG. There are several features of our 
case that are similar to those of previ- 
ously noted cases, such as the onset of 
the mass at birth and the lack of 
typical skin lesions. The clinical differ- 
ential diagnosis of JXG includes capil- 
lary hemangioma, rhabdomyosarcoma, 
fibrosarcoma, idiopathic orbital inflam- 
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mation, teratoma, or other rare con- 
genital orbital tumors. It is extremely 
difficult to make the clinical diagnosis 
of orbital JXG since most cases in 
which the orbit is affected have not 
had the typical cutaneous findings. 
Thus, the diagnosis is generally made 
histopathologically after a biopsy is 
performed to exclude the possibility of 
a malignant tumor, such as rhabdo- 
myosarcoma. Histopathologically, JXG 
should be distinguished from other his- 
tiocytic lesions that occur in the orbit, 
such as Langerhans’ cell histiocyto- 
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sis, sinus histiocytosis with massive 
lymphadenopathy, necrobiotic xantho- 
granuloma, Erdheim Chester disease, 
and malignant histiocytosis.” 

The management of the cutaneous 
lesions in JXG is to simply observe 
them or treat refractory cases with 
topical or systemic corticosteroids. Or- 
bital involvement can be treated with 
observation after the diagnosis is con- 
firmed by biopsy since the mass may 
resolve spontaneously. Systemic corti- 
costeroids can be employed when the 
mass is large or causes damage to the 
ocular structures.“ In refractory cases, 
external radiotherapy in low doses (2.5 
to 4.0 Gy) may be attempted.*”*” 


This study was supported in part by the Ocular 
Oncology Fund and the Oncology Research Fund, 
Philadelphia, and the Eye Tumor Research Foun- 
dation Inc, Gladwyne, Pa. 
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Metastatic Ciliary Body Carcinoid Tumor 


David S. Bardenstein, MD; Devron H. Char, MD; Claudia Jones, MD; 
J. Brooks Crawford, MD; Theodore R. Miller, MD; F. Tempel Riekhof, MD 


e A 50-year-old man with a history of 
systemic carcinoid had decreased right 
eye vision and a darkly pigmented cilio- 
choroidal mass. Results of ultrasonogra- 
phic and fluorescein angiographic ex- 
aminations were consistent with a 
malignant melanoma. Fine-needle aspira- 
tion biopsy of the lesion identified it as a 
carcinoid metastasis. The patient re- 
fused both radiation and enucleation; 
complete excision with a cyclochoroi- 
dectomy was performed. Histopathologic 
examination showed a carcinoid neo- 
plasm covered by marked hyperplasia of 
the retinal pigment epithelium that pro- 
duced the pigmented appearance of the 
lesion. 

(Arch Ophthalmol. 
1594) 
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[t is often difficult to correctly diag- 

nose ciliochoroidal tumors. A wide 
range of benign as well as malignant 
processes can involve the anterior cho- 
roid and ciliary body. Ancillary diag- 
nostic tests are less accurate in this 
location than in the posterior choroid.” 
This diagnostic challenge is further 
compounded in patients with a history 
of systemic malignancies, since over 
10% of patients with uveal melanoma 
have had another primary mali- 
gnancy.”* 

We describe a patient with known 
systemic carcinoid tumor who had a 
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pigmented ciliochoroidal mass suspect- 
ed to be a melanoma. The tumor was 
correctly diagnosed with fine-needle 
aspiration biopsy as a carcinoid metas- 
tasis. The factors favoring the clinical 
diagnosis of melanoma as well as the 
role of fine-needle aspiration biopsy in 
diagnosis are discussed. 


REPORT OF A CASE 
Clinical History 


A 50-year-old white man complained of a 
2-week history of right-sided visual loss and 
superior visual field defect. His ophthalmol- 
ogist noted right visual acuity of 20/100. A 
solid, darkly pigmented superior ciliochor- 
oidal mass with vitreous cells and a second- 
ary retinal detachment was seen (Fig 1). 
Results of ultrasonography and fluorescein 
angiography were consistent with a malig- 
nant melanoma. The patient was referred 
for management. 

The patients medical histery included a 
right lower lobectomy for careinoid 20 years 
prior to presentation. Two years prior to 
referral, he underwent a right partial ne- 
phrectomy for carcinoid and had an explor- 
atory laparotomy that revealed carcinoid 
tumors of the pancreas and liver. The re- 
view of systems was otherwise noncontri- 
butory. 

On our examination, best-corrected acu- 
ity was 20/200 OD and 20/20 OS. The right 
anterior segment examinatien result was 
positive for a sentinel vessel at the 
12 o'clock position. Intraocular pressures 
were normal. Fundus examination of the 
uninvolved left eye was unremarkable. In 
the right eye there was a superior ciliary 
body-anterior choroidal tumor that mea- 
sured 10.5x8x7.3 mm. The lesion was 
darkly pigmented and straddled the ora 
serrata. There was bullous exudative reti- 
nal detachment both overlying the mass and 
of the inferior retina. On gonioscopic exami- 
nation, the tumor extended from the 12:30 
to the 2 o'clock positions; the iridocorneal 
angle was shallowed but was neither closed 
nor invaded. 
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Ultrasonographic data were consistent 
with a melanoma. On standardized A-scan 
the mass displayed medium to low internal 
reflectivity, spontaneous vascular pulsa- 
tions, and a relatively sharp scleral spike. 
Results of a chest roentgenogram and tests 
measuring white blood cell count, serum 
alkaline phosphatase levels, lactic dehydro- 
genase, and y-glutamyl transpeptidase 
were all negative. 

After being presented with the full spec- 
trum of therapeutic options, the patient 
refused either enucleation or radiation. The 
patient requested a fine-needle aspiration 
biopsy and, if the results were positive for 
either primary or metastatic tumor, that a 
local resection be done. The tumor was 
localized with 180° diffuse scleral transillu- 
mination and a 90% thickness scleral trap- 
door flap with adequate margins was fash- 
ioned.” Fine-needle aspiration biopsy was 
performed with a 25-gauge needle through 
the remaining scleral fibers. As the needle 
was withdrawn from the eye, the site was 
sealed with Histoacryl tissue glue. Material 
from the needle was expelled onto micro- 
scope slides and smears were made. A 
toluidine blue stain of the cytologic smear 
was most consistent with carcinoid tumor. 
The tumor was resected and an encircling 
42-silicone band was prophylactically placed 
around the eye. 

The patient’s postoperative course was 
marked by a persistent retinal detachment 
and he eventually developed a grade II 
proliferative vitreoretinopathy. A pars pla- 
na vitrectomy with revision of the scleral 
buckling was performed with successful re- 
attachment of the retina and a resultant 
visual acuity of 20/100. 


Cytologic Features 


Papanicolaou staining and immunohisto- 
chemical analysis for neurosecretory gran- 
ules were performed on permanent mount- 
ed material (Fig 2). Smears of the fine- 
needle aspiration biopsy specimen were 
cellular, and consisted of single cells with no 
cohesive clusters. The cells were small and 
primarily oval in shape with eccentric nu- 
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clei. The nuclear outlines were smooth and 
round with granular chromatin without 
prominent nucleoli. The chromatin pattern 
was sievelike or “salt and pepper” in ap- 
pearance. There was no evidence of mitoses 
or necrosis on the smears. The cytoplasm 
was pale staining but well defined. Immun- 
ohistochemical staining for chromagranin 
was positive on the decolorized, alcohol- 
fixed smear. 


Pathologic Features 


Gross.—The specimen measured 
9.59.8 x 7mm. On the inner surface, folds 
of the pars plicata were seen anteriorly and 
the pars plana was elevated by an oval mass 
measuring 7.6 7.63.8 mm (Fig 3). The 
tumor appeared pigmented. Posteriorly, 
the pigment epithelium ended and the mass 
appeared whitish yellow. On radial section- 
ing, the mass was completely white (Fig 4). 

Microscopic.—The specimen consisted of 
thin scleral lamellae with peripheral iris, 
ciliary body, and the tumor (Fig 5). The 
pigmented ciliary epithelium and retinal 
pigment epithelium (RPE) were hyperplas- 
tic. The tumor consisted of uniform cuboidal 
and columnar cells arranged in sheets, 
cords, and tubes (Fig 6). The nuclei were 
round to spindle-shaped with small distinct 
nucleoli, granular chromatin centrally, and 
a fine chromatin rim around the nucleus. 
Mitotic figures were not seen. Spaces be- 
tween the nets and cords contained eosino- 
philic fluid that was periodic acid—Schiff—ne- 
gative. The tumor did not invade either the 
sclera or RPE. A fibroglial membrane was 
seen over the apex of the lesion. Immuno- 
histochemical staining of tumor cells for 
chromogranin was positive (Fig 7). 


COMMENT 


The differential diagnosis of cilio- 
choroidal lesions is challenging. A 
number of tissue types, including pig- 
mented and nonpigmented ciliary epi- 
thelium, peripheral nerves, uvea, cili- 
ary muscle, and retina, are present in 
this portion of the eye; as a result, 
there is a wide spectrum of possible 
tumors. Anterior uveal neoplasms 
make up a minority of both primary 
and metastatic malignancies. Less 
than 7% of metastases to the eye in- 
volve the ciliary body.™ Only seven 
cases of metastatic uveal carcinoid 
have been reported, and none have 
predominantly involved the ciliary 
body.” 

Pigmentation in a uveal tumor is 
consistent with a clinical diagnosis of a 
primary uveal melanoma. Metastatic 
lesions are usually nonpigmented, al- 
though pigment mottling may result 
from changes in the overlying RPE.” 
Our lesion appeared dark brown. It 
was only on gross sectioning that its 
nonpigmented nature became apparent 
and not until the microscopic examina- 
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Fig 1.—Wide-angle fundus photograph of superior tumor (T) and overlying bullous retinal 


detachment (arrows). 





Fig 2.—Cytology smear stained with antichromogranin. Cells show distinct nucleoli and granu- 
lar chromatin. Some have dense cytoplasmic antichromogranin label (arrows) (original magnifi- 
cation x 250). 


tion that the RPE and pigmented cili- 
ary epithelium hyperplasia responsible 
for its deceptive appearance were 
identified. In a review of previously 
reported cases of benign ciliary body 
and ciliochoroidal tumors, only three 
cases with RPE hyperplasia were not- 
ed over nonpigmented tumors; in only 
two of these was there a pigmented 
clinical appearance.’ Medulloepithe- 
liomas can also have varying pigmenta- 
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tion that is usually due to RPE 
proliferation. “ 

Further increasing the diagnostic 
challenge is the fact that ancillary diag- 
nostic examinations are less accurate 
in anterior uveal lesions." The fluo- 
rescein angiographic criteria for distin- 
guishing anterior uveal melanomas 
from simulating lesions are not reli- 
able.” Our case was consistent with a 
melanoma on both fluorescein angio- 
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Fig 3.—Gross photograph of specimen showing pigmented appearance of ciliochoroidal tumor 
on scleral base (S). Folds of pars plicata are seen anteriorly (arrow). 





Fig 4.—Cut surface of specimen bisected along the anteroposterior axis. Nonpigmented tumor 
is behind pars plicata (pp) and under hyperplastic epithelium of the retina and pigmented ciliary 
epithelium (arrows). Region of ora serrata is marked by “O”. 


graphic and ultrasonographic criteria. 
Although this lesion had an ultrasono- 
graphic pattern of a melanoma, a num- 
ber of other enucleated simulating ci- 
liochoroidal lesions have shown such 
features." In clinicopathologic reports 
of 25 eyes with ciliochoroidal tumors, 
21 were thought to have a uveal mela- 
noma, yet only three of these had this 
neoplasm on histologice examina- 
tion." As a result of misdiagnosis, 
many of these eyes containing benign 
tumors have been enucleated. 


This case highlights the importance 
of fine-needle aspiration biopsy in 
atypical ciliochoroidal lesions. On fine- 
needle aspiration biopsy as well as on 
routine histologic examination and im- 
munohistochemical analysis, our case 
displayed typical features of a carci- 
noid tumor.” Neurosecretory gran- 
ules can be identified with the argen- 
taffin and argyrophil silver stains, 
however, currently, immunohistoche- 
mical identification of chromogranin is 
felt to be more specific. ”” These stains 
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may be employed on fine-needle aspi- 
ration specimens as well as on stan- 
dard biopsy material. Carcinoids also 
may stain with antibodies to neuron- 
specific enolase, keratin, lymphocyte 
markers (Leu-7), and neurofilaments, 
as well as peptide hormones.” At our 
institution no false-positive fine-needle 
aspiration biopsy results have oc- 
curred. We have not noted any false- 
negative results in lesions that are 
greater than 3 mm in thickness, except 
in entirely necrotic tumors.” 

Metastatic ocular or orbital carcinoid 
tumors usually present after the dis- 
covery of primary neoplasms; in one 
case the eye lesion was discovered 
before the systemic tumor.’ The pri- 
mary tumor in almost all uveal metas- 
tases has arisen in the bronchus; one 
patient had an ileal primary site. In 
contrast, orbital carcinoid metastases 
arose in the ileum in three of four 
reported cases.” The reasons for these 
predilections are not understood. 

The treatment of metastatic ocular 
tumors depends on the status both of 
the eye and extraocular structures. If 
there is widespread advanced disease, 
chemotherapy is indicated. Metastatic 
ocular lesions will usually respond if 
the extraocular sites do. Unfortunate- 
ly, systemic chemotherapy has limited 
efficacy. Approximately 20% to 40% of 
patients respond to either combined or 
single-agent therapy.” We and others 
have noted patients who have been 
treated with varying doses of external 
beam irradiation with good response. 
In our own experience, we have man- 
aged patients with both isolated ocular 
and isolated orbital metastases with 
approximately 35 to 40 Gy of photon 
irradiation, with good control.” Some 
eyes have been enucleated. Rodriguez 
and Shields” reported a case of an iris 
carcinoid tumor removed with an irido- 
eyclectomy. One bilateral case with 
failure after photon irradiation in one 
eye showed regression after xenon arc 
photocoagulation and proton beam ir- 
radiation in the other eye.” In our 
case, we elected, after discussion with 
the patient, to perform a cyclochoroi- 
dectomy and were able to remove the 
entire tumor. While metastasis for 
most tumors generally carries a dire 
prognosis, it is not unusual for patients 
with ocular metastases to have a mean 
survival as long as 5 years after 
treatment. 


This study was supported in part by grant EYO 
7504 from the National Institutes of Health, Be- 
thesda, Md, grant PDT-321 from the American 
Cancer Society, and by an unrestricted grant 
from That Man May See, San Francisco, Calif. 
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Fig 5.— Low-power photomicrograph of spec- 
imen. Areas of retinal pigment epithelium and 
pigmented ciliary epithelium hyperplasia (ar- 
rows) are seen above tumor (original magnifi- 
cation x 1). 
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Fig 6.— Tumor and overlying hyperplastic ret- 

inal pigment epithelium. Round- to spindle- /s 
shaped tumor cells are arranged in sheets | 
and cords. Fluid in spaces between cells is "s 
eosinophilic (original magnification x 17). 
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Fig 7.— Portion of innermost edge of tumor. 
Tumor cells in cords (arrows) are lighter than 
- the dark pigmented ciliary epithelial cells (hol- 
low arrows) but darker than the unlabeled 
ciliary body cells (CB) and nonpigmented cili- 
į ary epithelium (small arrows) representing 
accumulation of chromogranin-bound im- 
© munoperoxidase reaction product (original 
™ magnification x 100). Inset, Two 

chromogranin-positive cells (original magnifi 
cation x 250). Sf 
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Laboratory Sciences 


Healing of Excimer Laser Ablated Monkey Corneas 


An Immunohistochemical Evaluation 


Nirmala SundarRaj, PhD; Michael J. Geiss III; Francisco Fantes, MD; Khalil Hanna, MD; 


Susan C. Anderson; Keith P. Thompson, MD; Richard A. Thoft, MD; George O. Waring III, MD 


è The healing response of the cornea 
following excimer laser anterior kerato- 
mileusis (a 4-mm-diameter ablation to a 
depth of 11, 23, or 46 um) was analyzed 
immunohistochemically in adult rhesus 
monkeys. The ablated surface had re- 
epithelialized and the synthesis of type 
Vil collagen (a major component of an- 
choring fibrils) was evident by 7 days; 
the reestablishment of a nearly continu- 
ous anchoring fibril zone was evident 
after 12 weeks. Stromal fibroblasts, acti- 
vated in response to wounding, ex- 
pressed a fetal antigen for approximately 
6 weeks. Although fibronectin and type 
VII collagen were present only transiently 
in the regenerating subepithelial stromal 
matrix in the subepithelial regions, some 
other alterations, including the presence 
of type Ill collagen, increased levels of 
keratan sulfates, and discontinuities in 
the anchoring fibril zone were evident 
even 18 months after wounding. The 
depths of the regenerated stroma, which 
were estimated from the depths of rem- 
nant staining for type VII collagen in the 
stromal matrix, generally, but not always, 
corresponded to the depths of the calcu- 
lated ablation. 

(Arch Ophthalmol. 
1610) 


1990;108:1604- 


xcimer laser anterior keratomileu- 

sis (large-area ablation, sculpting, 
or reprofiling the cornea) has been 
proposed as a potentially better surgi- 
cal procedure than currently used 
techniques for removing or cutting cor- 
neal tissue in refractive surgery.’” 
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Morphological studies in animals have 
shown that incisions produced by ex- 
cimer laser ablation can leave a smooth 
surface with minimal. damage to the 
remaining tissue and without inflam- 
matory response.” Other important 
criteria for successful refractive sur- 
gery include the stability and transpar- 
ency of the healed tissue. The extracel- 
lular matrix produced by the corneal 
epithelium and the stromal cells is 
likely to be involved in the stability 
and transparency. In the present 
study, we evaluated immunohisto- 
chemically the changes in the extracel- 
lular matrix in the regenerating tissue 
after excimer laser ablation in the rhe- 
sus monkey cornea. 

One important requisite for stability 
of regenerated epithelium is tight ad- 
hesion to the underlying stroma. An- 
choring fibrils are thought to help es- 
tablish this adhesion via its basement 
membrane.” Because the main com- 
ponent of anchoring fibrils is type VII 
collagen, it was used as the marker to 
evaluate the reestablishment of an- 
choring fibrils in the basement mem- 
brane zone in the regenerated tissue.” 

We also analyzed fibronectin and 
type III collagen. These components 
were not detectable in the normal 
adult monkey corneal stroma or epi- 
thelium. Due to the ability of fibronec- 
tin to bind to several other macromole- 
cules in the extracellular matrix and on 
the cell surface,""” it is probably a 
critical component in cell matrix inter- 
actions during epithelial and stromal 
wound healing, providing a substrate 
for epithelial migration.” 

Type III collagen is a component of 
the small reticular fibrils in the dermis 
and other tissues. Recent studies have 
shown that type III collagen interacts 
with fibronectin and also copolymer- 
izes with type I collagen, a major 
component of the large collagen fibrils 
in the skin and corneal stroma.” In the 
cornea, the data on the existence of 
type III collagen in the collagen fibrils 
are conflicting. While some reports 
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indicate the presence of type III colla- 
gen in the adult human,”” bovine,*” 
and rabbit” cornea, others indicate its 
presence only in the fetal cornea.”™” 
Therefore, if type III collagen is ex- 
pressed in the regenerating tissues, it 
may influence cell-matrix interactions 
and may change the size and organiza- 
tion of other collagen fibrils. 

Another component analyzed in this 
study was keratan sulfate. Proteokera- 
tan sulfate is the major proteoglycan of 
the corneal stroma and is thought to be 
involved in maintaining precise spac- 
ing of collagen fibrils, which is critical 
to corneal transparency.” Therefore, 
changes in relative concentration and 
degree of sulfation of keratan sulfate in 
the regenerating tissue may also influ- 
ence the structural organization and 
the transparency of the tissue. 

During corneal stromal wound heal- 
ing, the quiescent keratocytes are acti- 
vated and then participate in the syn- 
thesis and remodeling of the extra- 
cellular matrix, later returning to their 
quiescent state. The duration of the 
activated state of these cells is possibly 
critical in limiting the extent of regen- 
eration and/or remodeling of the ex- 
tracellular matrix. In an earlier 
study, we characterized an intermedi- 
ate filament-associated fetal antigen 
with a molecular weight of 130 kd 
(IFAP130)." This antigen, although 
not detectable in the quiescent stromal 
cells in the adult cornea, is expressed 
in the activated cells during the heal- 
ing of penetrating stromal wounds. 
IFAP130 was used as a marker in this 
study to determine the duration of the 
activated state of corneal fibroblasts. 


MATERIALS AND METHODS 


This study conformed to the Association 
of Research in Vision and Ophthalmology 
resolution on the use of animals in research. 
Adult rhesus monkey corneas were pho- 
toablated with a 193-nm argon fluoride ex- 
cimer laser. The technical details have been 
described previously.*””* The central 4-mm 
area of the cornea was ablated to a depth of 
11, 23, or 46 um (which corresponded to 
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calculated corrections of —2, —4, and -8 
diopters, respectively) at a pulse energy of 
250 mJ/em*, with a repetition rate of 5 Hz 
with a rate of ablation of 0.4 um per pulse.” 

Prior to enucleation of the eyes, slit-lamp 
examination was performed and the opacity 
of the cornea was graded from 0 to 4 as 
follows: 0, totally clear; 0.5, a faint corneal 
opacity seen only by oblique indirect illumi- 
nation; 1, an opacity of minimal density 
seen with difficulty with direct and diffuse 
illumination; 2, an easily visible opacity; 3, a 
denser opacity that significantly decreased 
the visualization of intraocular structures 
such as the iris and retina; and 4, an opaque 
cornea. The details of the clinical findings 
have been published previously.” 

Corneas were excised immediately fol- 
lowing enucleation of the eyes at 0 and 7 
days; 3, 6, and 12 weeks; and 5, 9, and 18 
months after ablation. One half of the cor- 
neas were used for morphological and ultra- 
structural studies that were carried out 
separately and have been reported else- 
where.” The other half of the corneas were 
embedded in O.C.T. compound (Tissue- 
Tek-II, Miles Inc, Elkhart, Ind) and stored 
frozen at —70°C for immunohistochemical 
analysis. Cryostat sections (7 pm) of the 
corneas were transferred to gelatin- or egg 
albumin-coated slides and immunoreacted 
with specific antibodies at appropriate dilu- 
tions using an indirect fluorescein isothio- 
cyanate (FITC)-conjugated antibody tech- 
nique, as described previously.” In brief, 
tissue sections on the slides were reacted 
successively with 10% heat-inactivated rab- 
bit serum in phosphate-buffered saline for 
45 minutes, monoclonal antibody (10 
g/mL) in 10% heat-inactivated rabbit se- 
rum for 45 minutes, and FITC-conjugated 
rabbit antimouse IgG (preabsorbed with 
human corneal tissue) at a 1:20 dilution in 
10% heat-inactivated rabbit serum for 45 
minutes. The sections were washed three 
times with phosphate-buffered saline be- 
tween each of the above treatments. Preab- 
sorption of the FITC-conjugated second 
antibody was performed by incubating the 
antibody with the insoluble fraction of cor- 
neal homogenate, at 4°C for 24 hours. After 
centrifugation at 10 000g for 30 minutes, the 
supernatant was used for the immunostain- 
ing. This preabsorption reduced the non- 
specific binding of FITC to the tissue to 
negligible levels. The stained sections were 
mounted in Aqua-Mount (Lerner Labs, 
New Haven, Conn) and examined and pho- 
tographed with a __ photomicroscope 
(VANOX, Olympus Optical Co Ltd, Tokyo, 
Japan) with fluorescence attachments and 
epifluorescence objectives. For comparing 
the relative densities of staining, the same 
exposures were used to photograph each 
set of sections stained with the same 
antibody. 

The following monoclonal antibodies were 
used: (1) antitype VII collagen, monoclonal 
antibody 185, directed against the globular 
domain”; (2) antifibronectin monoclonal 
antibody to the gelatin-binding region of 
fibronectin (CalBiochem Corp, San Diego, 
Calif); (3) antitype III collagen monoclonal 
antibody 715, directed against bacterial col- 
lagenase-resistant region of type III colla- 
gen; (4) antikeratan sulfate monoclonal 
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Fig 1.—Immunofluorescence staining of normal monkey corneas. Top left, Antitype VII collagen 
(note linear continuous staining along the basement membrane zone). Top right, Antifibronectin 
(note no staining). Center left, Antitype III collagen (note no staining). Center right, Antikeratan 
sulfate (note intense lamellar staining in the stroma). Bottom left, Anti-IFAP130 (note staining 
only in the epithelium; bar represents 100 um). Bottom right, Phase-contrast photomicrograph 
for histologic orientation. 


antibodies J10, J19, J35, and J38 directed 
against four different sulfated epitopes of 
keratan sulfate”; and (5) monoclonal anti- 
body M12, directed against intermediate 
filament-associated antigen IFAP130, 
which has been described earlier.” The 
staining intensities in the normal corneal 
stroma when reacted with antikeratan sul- 
fate antibody were graded as (2 plus). The 
relative intensities of staining in the regen- 
erating tissues ranged from less than nor- 
mal (plus) to slightly higher than normal (3 
plus) or significantly higher than normal (4 
plus). Grading was done by comparing the 
photomicrographs that were taken using 
the same exposure times. 


RESULTS 
Normal Cornea 


Immunohistochemical analyses of 
the sections of normal monkey corneas 
are presented in Fig 1. Immunostain- 
ing of type VII collagen appeared as a 
linear continuous band along the basal 
surface of the basal epithelium (Fig 1, 
top left). Neither fibronectin nor type 
III collagen was detectable in either 
the epithelium or stroma (Fig 1, top 
right and center left, respectively). 
Fibronectin was present in the Desce- 
mets membrane (not shown). All four 
antikeratan sulfate antibodies against 
different sulfated epitopes reacted 
with the stroma but not with the epi- 
thelium (Fig 1, center right). The rela- 
tive intensity of staining did not vary 
over the entire stroma. The fetal anti- 
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gen IFAP130 (Fig 1, bottom left) was 
not present in the quiescent stromal 
cells but was present in the epithelium. 


Immediately After Ablation 


Immunostaining of the corneas har- 
vested immediately following ablation 
(day 0) confirmed that the basement 
membrane zone containing the anchor- 
ing fibrils was removed in the ablated 
regions. Fig 2, top left shows the pe- 
ripheral region of ablation (no type VII 
collagen staining) continuous with the 
nonablated region that stained for type 
VII collagen in the basement mem- 
brane zone. The pattern of staining of 
the stroma with the remaining anti- 
bodies was the same as that seen for 
the controls (Fig 2, top right, center, 
and bottom). 


Day 7 


At day 7 after ablation, the corneas 
(n=2), ablated to a depth of 23 um, 
were reepithelialized. The amount of 
opacity was 1.5 in the corneas that 
were analyzed. The epithelial cells that 
had covered the ablated stromal sur- 
face had started synthesizing and se- 
creting type VII collagen. The staining 
for type VII collagen was evident as a 
narrow band along the basement mem- 
brane zone (Fig 3, top left). The 
stained zone was narrower and punc- 
tate compared with the continuous lin- 
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Fig 2.—Immunofluorescence staining of a monkey cornea excised immediately after ablation. 
Top left, Antitype VII collagen (note abrupt discontinuation of staining at the ablated edge). Top 
right, Antifibronectin. Center left, Antitype III collagen. Center right, Antikeratan sulfate. Bottom 
left, Anti-IFAP130 (note abrupt discontinuation of staining at the ablated edge; bar represents 
100 um). Bottom right, Phase-contrast photomicrograph for histologic orientation. 





Fig 3.—Immunofluorescence staining of monkey corneas excised 7 days after ablation. Top left, 
Antitype VII collagen (note linear but punctate pattern of staining in the basement membrane 
zone). Top right, Antifibronectin (note linear staining for fibronectin on the stromal surface under 
the epithelium). Center left, Antitype III collagen (note no staining). Center right, Antikeratan 
sulfate (note no difference in the staining pattern in the subepithelial region). Bottom left, Anti- 
IFAP130 (note stromal cells reacting positively for IFAP130 in the subepithelial region; bar 
represents 100 um). Bottom right, Phase-contrast photomicrograph for histologic orientation. 


ear band seen in the normal cornea. 
Linear deposition of fibronectin was 
detectable in some regions along the 
stromal surface under the epithelial 
layer (Fig 3, top right). Type III colla- 
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gen was not detectable (Fig 3, center 
left). The pattern of staining of keratan 
sulfate with all four different mono- 
clonal antibodies was identical. There- 
fore, the results obtained with only one 
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representative antibody will be de- 
scribed here. Fig 3, center right, 
shows the staining pattern with mono- 
clonal antibody J10. Directly below the 
epithelium, there was an acellular re- 
gion of anterior stroma, approximately 
5 ym wide, in which IFAP130 was not 
detectable. However, in an approxi- 
mately 10- to 15-um-wide zone of the 
anterior stroma posterior to this acel- 
lular region, IFAP130 was now detect- 
able in stromal cells (Fig 3, bottom 
left). 


3 Weeks 


© 


In two corneas analyzed 3 weeks 
after ablation to a depth of 23 um, type 
VII staining bands appeared thicker 
than in the normal corneas but exhib- 
ited a segmented pattern of distribu- 
tion in contrast to a punctate linear 
pattern seen at day 7 (Fig 4A). A 
punctate trail of staining was observed 
deeper (50 to 60 um) into the stroma. 
No type VII collagen trailing was de- 
tected in the nonablated regions. 
Therefore, nonablated regions could be 
distinguished from ablated regions by 
comparing serial sections where con- 
tinuous linear staining of type VII 
collagen was evident. Fibronectin was 
now detectable in the anterior stroma 
to a depth of approximately 40 to 50 
um (Fig 4B). The depth of the stromal 
region showing immunofluorescence 
gradually decreased toward the edge 
of the ablated region. Type III colla- 
gen staining was evident in the subep- 
ithelial regions in the stroma but only 
to a depth of approximately 20 um (Fig 
4C). Antikeratan sulfate antibodies did 
not react with the anterior stromal 
regions that corresponded with the 
fibronectin-positive regions in the seri- 
al sections (Fig 4D). The cell density in 
this region had increased; these cells 
now expressed the fetal antigen 
IFAP130, as evident from the positive 
immunostaining (Fig 4E). 


6 Weeks 


The three corneas analyzed at 
6 weeks after surgery were ablated to 
depths of 11, 23, and 46 um. The Table 
shows that the amount of opacity ob- 
served in these corneas was 1.5. In all 
of these corneas, type VII collagen 
staining, although very intense, still 
appeared segmented (Fig 5, top left) 
with punctate staining in the anterior 
stroma to a depth of approximately 10 
to 50 pm. Fibronectin staining had 
diminished, except in a few narrow 
subepithelial regions of the stroma 
(Fig 5, top right). However, staining 
for type III collagen appeared as in- 
tense as at 3 weeks (Fig 5, center left). 
The depths of the stromal tissue in the 


Excimer Laser Healing — SundarRaj et al 


fe 


central region of the cornea retracting 
with antitype III collagen ranged from 
50 to 70 um (Table). Keratan sulfate 
was now detectable in the anterior 
stroma. The intensity of staining in the 
subepithelial region (approximately 10 
to 20 um in depth) was more than that 
in the rest of the stroma (Fig 5, center 
right). Cells reacting for IFAP130 
were still present in the anterior stro- 
ma but reduced significantly in number 
(Fig 5, bottom left). 


12 Weeks 


One of the two corneas examined at 
3 months was clinically clear and had 
received a 23-um ablation. The other 
one had received an ablation to a depth 
of 11 um and showed an opacity of 0.5. 
In both of these corneas, a narrow 
continuous band of staining for type 
VII collagen was evident in the base- 
ment membrane zone (Fig 6, top left). 
However, there were still a few re- 
gions devoid of type VII collagen. Fi- 
bronectin staining had diminished but 
type III collagen staining was still 
evident (Fig 6, top right and center 
left, respectively). Immunoreaction for 
keratan sulfate still was more intense 
in the subepithelial stroma (an approx- 
imately 15- to 25-m-wide zone, Fig 6, Fig 4.—Immunofluorescence staining of monkey corneas excised 3 weeks after ablation. A, 
center right). A negligible number of — Antitype VII collagen (note punctate staining for type VII collagen in the subepithelial region of 
stromal cells containing IFAP130 were the stroma, and also the depth of stroma showing immunoreaction maximal in the center [left] 





detectable (Fig 6, bottom left). and tapered toward the edge [right] of the ablation). B, Antifibronectin (note the subepithelial 

region still shows immunostaining for fibronectin). C, Antitype III collagen (note intense immu- 

5 and 9 Months nostaining in the subepithelial region). D, Antikeratan sulfate (note approximately 50-1.m depth 

of the anterior stroma exhibits negligible staining). E, Anti-IFAP 130 (note a significant increase 

At both 5 and 9 months after wound- in the number of fibroblasts reacting for IFAP130; bar represents 100 um). F, Phase-contrast 
ing, except for a few gaps of no stain- photomicrograph for histologic orientation. 


ing, type VII collagen was evident in a 


Chronologic Comparison of Depth of Ablation, Opacity, and Immunohistochemical Observations 


Immunohistochemical Observations, Depth, um 
ao ee 
Time Type VII Collagen 
After Depth of Amount Collagen Keratan Sulfate 
Ablation Ablation, um of Opacity Fibronectin il Distribution Trailing Subepithelial * IFAP130t 


Control N aks Linear continuous 





1.5 2 0 Linear punctate 0 +(5-10) +(10) 
1.5 2 0 Linear punctate 0 +(5-10) +(15) 
1.5 40-50 15-20 Dense, segmented 50-60 —(40-50) ++(30-50) 
1.5 40-50 15-20 Dense, segmented 50-60 —(40-50) +(40-50) 
23 1.5 5-10 60-70 Dense, segmented 25-30 ++(10-20) +(40-60) 
11 1.5 5-10 50-60 Dense, large gaps 10-15 +++(15-20) +(20-40) 
46 1.5 60-70 Dense, segmented 40-50 ++(15-20) +(40-60) 
23 0 50-60 Linear, few gaps 15-25 ++++(15-20) +(30-50) 
11 0.5 60-70 Linear, few gaps 25-30 ++++(15-25) +(30-50) 
vr 80-100 Linear, few gaps +++(15-20) 3 
11 1.5 eas Linear, few gaps +++(15-20) ay 
18 mo 23 1 ince 20-30 Linear, few gaps 20-30 +++(20-30) ial 
18 mo 46 1.5 Jas 30-40 Linear, few gaps 30-40 +++(10-15) 
18 mo 23 tS Dr- 15-20 Linear, few gaps 20-30 +++(5-10) 


* Keratan sulfate staining was graded from + to ++++; ++ indicates staining in the normal cornea; ellipses, no staining. 
tRelative number of stromal cells showing the presence of IFAP 130. 
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Fig 5.—Immunofluorescence staining of monkey corneas excised 6 weeks after ablation. Top 
left, Antitype VII collagen (note layers of bright and punctate staining for type VII collagen in the 
stroma, and gaps in the linear pattern of staining in the basement membrane zone). Top right, 
Antifibronectin (note staining only in some regions). Center left, Antitype IIl collagen (note 
intense staining persisting in the subepithelial regions). Center right, Antikeratan sulfate (note: 
antikeratan sulfate staining in the subepithelial regions is denser than in the posterior regions of 
the stroma). Bottom left, Anti-IFAP130 (note fibroblasts reacting for this antigen are significantly 
reduced in number; bar represents 100 um). Bottom right, Phase-contrast photomicrograph for 
histologic orientation. 





Fig 6.—Immunofluorescence staining of monkey corneas excised 12 weeks after ablation. Top 
left, Antitype VII collagen (note discontinuities in type VII collagen staining in the basement 
membrane zone). Top right, Antifibronectin (note negligible staining). Center left, Antitype III 
collagen (note persistence of type III collagen in the anterior stroma). Center right, Antikeratan 
Sulfate (note a higher density of staining in the subepithelial regions than in the posterior 
stroma). Bottom left, Anti-IFAP130 (note very few stromal cells with reactivity; bar represents 
100 um). Bottom right, Phase-contrast photomicrograph for histologic orientation. 
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narrow continuous band. Type III 
staining was still detectable in the 
anterior stroma. Neither fibronectin 
nor [FAP130 was present. 


18 Months 


At 18 months, three corneas ablated 
to depths of 23 (n=2) and 46 um 
showed clinical opacities from grades 1 
to 1.5. Even at this time, corneas 
contained type III collagen to a depth 
of 15 to 40 um in the subepithelial 
region of the stroma (Fig 7, center 
left). The trailing punctate staining of 
type VII collagen was also present to a 
depth of 20 to 40 um (Fig 7, top left). 
There were still some gaps in type VII 
staining in the basement membrane 
zone. Intensities of staining for kera- 
tan sulfate were slightly higher in the 
subepithelial regions (Fig 7, center 
right). 


COMMENT 


In the present study, the healing of 
excimer laser—ablated corneas was an- 
alyzed immunohistochemically for sev- 
eral biochemical variables to correlate 
clinical findings with biochemical find- 
ings. The depths of ablation varied 
from 11 to 46 wm depending on 
planned optical correction. Because 
the epithelium and some of the under- 
lying stroma were removed in all these 
ablated corneas, the healing involved 
epithelial as well as stromal regenera- 
tion. Epithelial migration to resurface 
the stroma generally occurred rapidly, 
but stability of this epithelium re- 
quired reestablishment of the tight ad- 
hesion of this epithelium to the under- 
lying stroma. The anchoring fibrils, 
basement membrane, and hemidesmo- 
somes are important structures in es- 
tablishing the adhesion of the epitheli- 
um to the stroma. Studies by Gipson et 
al” indicated that hemidesmosomes 
and anchoring fibrils appear synchro- 
nously during both development and 
healing of the cornea. Reformation of 
the anchoring fibrils in the healing 
corneas was evaluated by studying the 
distribution of type VII collagen, 
which is the major component of an- 
choring fibrils. 

Based on the chronological patterns 
of staining in the healing tissues, sev- 
eral interesting points were noted. By 
day 7, a linear anchoring fibril zone 
was already evident with only punc- 
tate discontinuities. However, there 
were small gaps of no staining at the 
edge of the ablated regions. Gipson et 
al” have shown that following keratec- 
tomy in rabbits, reassembly of anchor- 
ing structures at the wound margin 
starts before wound closure and, by 
day 7, these structures are evident 
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Fig 7.—Immunofluorescence staining of monkey corneas excised 18 months after ablation. Top 
left, Antitype VII collagen (note discontinuities in type VII collagen staining in the basement 
membrane zone). Top right, Antifibronectin (note negligible staining). Center left, Antitype III 
collagen (note persistence of type III collagen in the anterior stroma). Center right, Antikeratan 
sulfate (note a slightly higher density of staining in the subepithelial regions than in the posterior 
stroma). Bottom left, Anti-IFAP130 (note no stromal cells with reactivity; bar represents 100 
4m). Bottom right, Phase-contrast photomicrograph for histologic orientation. 


along the entire resurfaced wound as 
discontinuous segments. A previous 
study” of radial keratotomy in rabbits 
showed that anchoring fibril formation 
had started at the deepest aspects of 
the wounds by day 7 and later, by 3 to 
4 weeks, the anchoring fibril zone had 
formed along the entire resurfaced cor- 
nea. Based on these observations, we 
speculated that the lamellar and/or 
stromal orientation in the underlying 
matrix may influence epithelial synthe- 
sis and deposition of the anchoring 
fibrils. This hypothesis may also ex- 
plain the absence of anchoring fibrils at 
the edge of the ablation where collagen 
lamellae were cut obliquely at the de- 
nuded surface. Horizontal wounds, 
thus, may be more favorable than ver- 
tical ones for the epithelium to reestab- 
lish the anchoring fibril zone. 

The anchoring fibril zone, linear at 
day 7, at 3 weeks had become more 
segmented with wider gaps. Based on 
the extent of staining, there was an 
increased accumulation of type VII 
collagen. This segmented pattern was 
present even at 6 weeks. The change 
from punctate to more segmented dis- 
continuities from day 7 to later stages 
of healing suggested that a continuous 
degradation process probably accom- 
panied the regeneration of the anchor- 
ing fibril zone. The degradation of type 
VII collagen was also evident from a 
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punctate trailing of staining deeper 
into the anterior stroma in the healing 
regions of the cornea. This pattern of 
discontinuities and trailing, which per- 
sisted for 18 months after ablation, 
was apparent irrespective of the depth 
of the ablation (Table). The maximum 
depth of type VII collagen present in 
the anterior stroma usually corre- 
sponded to the maximum calculated 
depth of ablation. 

Other biochemical alterations in the 
extracellular matrix of the healing 
stroma were the accumulation of newly 
synthesized type III collagen and in- 
creased levels of sulfated keratan sul- 
fate. These changes persisted even af- 
ter 18 months. It is not known whether 
type III collagen in the regenerating 
tissue forms small reticular fibrils or 
whether it copolymerizes with type I 
collagen to form fibrils. However, its 
presence is likely to influence the 
structure and organization of collagen 
fibrils, and, in turn, the optical proper- 
ties of the healed tissue. The transpar- 
ency of the cornea depends on the 
small, uniform diameter of collagen 
fibrils and their uniform spacing.” Ker- 
atan sulfate is distributed uniformly 
between the collagen fibrils and thus 
helps to determine fibrillar spacing. 
Therefore, changes in the keratan sul- 
fate concentrations may alter the orga- 
nization of collagen fibrils. Similarly, 
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the degree of sulfation may contribute 
to the keratan sulfate properties that 
are essential for its function in the 
corneal stroma. 

A predictable and stable refractive 
correction by excimer laser anterior 
keratomileusis would require that the 
removed tissue not be replaced by 
regenerated tissue. If the removed tis- 
sue is replaced to the original mass, 
the planned change in the corneal cur- 
vature will not be achieved. Indirect 
evidence in the present study sug- 
gested that at least 10 to 20 um of the 
central anterior healed tissue was new- 
ly formed, and that the thickness of 
this regenerated stroma was not uni- 
form over the healed surface but ta- 
pered gradually toward the periphery. 
This indirect evidence was obtained by 
assuming that all of the type VII colla- 
gen is synthesized by the epithelium, 
and that the stromal matrix staining 
for type VII collagen represented the 
regions where the epithelial cells had 
been adjacent to the stroma. There- 
fore, all of the matrix anterior to the 
deepest region of the stroma that 
stained for type VII collagen may rep- 
resent newly synthesized matrix. Be- 
cause a continuous degradation of the 
anchoring fibril complex occurred dur- 
ing healing, it was not possible to 
judge how much of the anterior stro- 
ma, not staining for type VII collagen, 
was newly formed matrix. Therefore, 
in the present study, it was difficult to 
judge whether the depth of the regen- 
erated stroma depended on the depth 
of the ablation. At 3 weeks, approxi- 
mately 50 um of matrix in the sub- 
epithelial region in the central cornea 
showed the presence of type VII colla- 
gen. At 6 weeks, the thickness of the 
stroma that exhibited punctate stain- 
ing for type VII collagen was approxi- 
mately 30 um in the central region. 
Between 12 weeks and 18 months after 
ablation, the stroma still showed punc- 
tate trailing of staining for type VII 
collagen, to depths of 15 to 50 um. This 
variation in the depths of the tissue 
showing the presence of type VII colla- 
gen could have resulted from the dif- 
ferences in the response to ablation 
with respect to synthesis and degrada- 
tion of matrix macromolecules includ- 
ing type VII collagen. Nevertheless, 
at least 10 to 30 um of the anterior 
stroma in these healed corneas may 
represent newly regenerated tissue. 

Another finding that helped in iden- 
tifying the new matrix was that, at 3 
weeks, this matrix contained negligi- 
ble levels of keratan sulfate. Assuming 
that the absence of staining was not 
due to complete degradation and/or 
desulfation of preexisting keratan sul- 
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fate, the new matrix had to be regen- 
erated over the preexisting matrix. 
Thus, it would not be new matrix 
intermingled with preexisting matrix. 
The region devoid of keratan sulfate 
staining contained other components, 
including type III collagen and fibro- 
nectin, which were not detectable in 
the normal adult monkey corneal stro- 
ma and, thus, were synthesized de 
novo. 

If the changes in the pattern of 
anchoring fibril formation were com- 
pared with the chronologic changes in 
the stroma, the appearance of a nearly 
continuous basement membrane zone 
containing anchoring fibrils coincided 
with the return of stromal cells to the 
quiescent state, as indicated by the 
absence of the fetal antigen in the 
stromal cells, and the previously re- 
ported changes seen on electron micro- 
scopic analyses.” One of the mecha- 
nisms for disassembly of the anchoring 
complex to accommodate newly regen- 
erated stromal matrix may be the deg- 
radation of type VII collagen. Stromal 
cells may be involved in synthesizing a 
collagenase responsible for this degra- 
dation. Thus, a stable anchoring of 
epithelium to the underlying stroma 
may depend on reduced stromal activi- 
ty, including the degradation of the 
epithelially derived matrix compo- 
nents. During later stages of healing, 
an increasingly continuous anchoring 
fibril zone was reestablished. The acti- 
vated fibroblasts also became quies- 
cent. 

Although recurrent erosion was not 
seen clinically in any of the corneas 
that were ablated, the epithelium, 
overlying the basement membrane 
zone that was devoid of anchoring fi- 
brils, appeared to be less firmly at- 
tached based on the following observa- 
tion: in cryostat sections, the epithelia, 
in those regions devoid of anchoring 
fibrils, were often found to be separ- 
ated from the underlying tissue in the 
healed corneas, even at 18 months fol- 
lowing ablation. 

This study indicated that although 
the healing response may be minimized 
by using excimer laser for anterior 
keratomileusis, the healed tissue, nev- 
ertheless, was biochemically altered 
and some of these alterations persisted 
for 18 months following the surgery. 
Some of these biochemical alterations 
may be responsible for the clinical 
opacities or haze seen in the stroma 
and the early refractive instability re- 
ported by others.” 
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Absorption of 308-nm Excimer Laser Radiation 
by Balanced Salt Solution, Sodium Hyaluronate, 
and Human Cadaver Eyes 


Richard H. Keates, MD; Robert T. Bloom, MD; Richard T. Schneider, PhD; Quishi Ren, MSEE; John Sohl, MS; Jeffrey J. Viscardi, MD 


è Absorption of the excimer laser radi- 
ations of 193-nm argon fluorine and 308- 
nm xenon chloride in balanced salt solu- 
tion, sodium hyaluronate, and human 
cadaver eyes was measured. The ab- 
sorption of these materialsreas consid- 
erably different for the two wavelengths; 
we found that 308-nm light experienced 
much less absorption than the 193-nm 
light. The extinction coefficient (k) for 
308 nm was k=0.19/cm for balanced salt 
solution and k=0.22/cm for sodium hya- 
luronate. In contrast to this, the extinc- 
tion coefficient for 193 nm was 
k=140/cm for balanced salt solution and 
k=540/cm for sodium hyaluronate. Two 
1-day-old human phakic cadaver eyes 
showed complete absorption with both 
wavelengths. Using aphakic eyes, in- 
complete absorption was noted at the 
posterior pole with 308 nm and complete 
absorption was noted with 193 nm. The 
extinction in the anterior part of aphakic 
eyes (the first 6 mm) was 4.2/cm for 308 
nm, meaning that the intensity of the 
light is reduced by a factor of 10 after 
traveling the first 5.5 mm. However, we 
observed that the material in the eye 
fluoresces, meaning the 308 nm is trans- 
formed into other (longer) wavelengths 
that travel through the total eye with 
minimal absorption. Conclusions drawn 
from this experiment are that the use of 
the 308-nm wavelength may have unde- 
sirable side effects, while the use of the 
193-nm wavelength should be consistent 
with ophthalmic use on both the cornea 
and the lens. 

(Arch Ophthalmol. 
1613) 


With the advent of laser technology 

and its successful incorporation 
into ophthalmic practices, new applica- 
tions for possible surgical and medical 
advances are being actively pursued. 
Depending on the laser used, photoco- 
agulation, effects of localized shock 
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waves, or simple heat deposition are 
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mechanisms for laser-tissue interac- 
tion. The effects of UV radiation on 
living tissue are continuing to be un- 
raveled and many of the biohazards are 
documented. ` 

The application of UV radiation in 
ophthalmology has become a rapidly 
expanding field. Lasers capable of gen- 
erating UV radiation suitable for oph- 
thalmic use can be found in the class of 
excimer lasers. The laser-tissue inter- 
action achieved here is a photochemical 
process when using the 193-nm wave- 
length. This reaction is thought to be 
due to the breaking of an original 
molecular bond and the subsequent 
formation of new bonds.” This is due to 
the fact that the energy of the UV 
photon is equal to or in excess of the 
energy required to break the original 
chemical bond, resulting in destruction 
of the organic molecule and subsequent 
formation of other molecules, which 
may be vapors that are no longer part 
of the surface.” One of the terms that 
has been given to the excimer’s inter- 
action with tissue is photoablation. 
Since this type of interaction is only 
minimally, if at all, a thermal process, 
nonirradiated tissue is only affected 
within an area less than 0.2 um from 
the ablation with 193 nm by transmis- 
sion electron microscopy.“ 

The applications of UV laser therapy 
on the cornea may be useful in both 
refractive and degenerative disease. 
The cornea will transmit all but a small 
percentage of visible radiation as well 
as some in the near infrared region, 
the remaining being absorbed or scat- 
tered.’ Phase 1 trials with the 193-nm 
excimer laser performing anterior cor- 
neal ablation have been accurate in 
depth, with minimal corneal scarring 
or haze. There has been no evidence of 
damage to other ocular structures.” 

Critics of laser therapy are con- 
cerned about nonabsorbed or scattered 
radiation and its effects on normal 
tissue, especially the retina. For this 
reason, it is imperative to know how 
far scattered and direct radiation will 
travel in the ocular media before ab- 
sorption has reduced the intensity to 
harmless levels. Therefore, we studied 
the absorption of light with wave- 
lengths of 193 and 308 nm in balanced 
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salt solution (BSS), sodium hyaluronic 
acid, and human cadaver eyes. 


MATERIALS AND METHODS 


The excimer laser used for the 193-nm 
wavelength was the Questek 2000 series 
(Questek, Pillerica, Mass), using argon fluo- 
rine (ArF) gas. This is a pulsed laser with 
an adjustable repetition rate (maximum of 
100 Hz) and pulse durations of 10 to 15 
nanoseconds. To maintain maximum power, 
fresh ArF was used in each experiment. 
Due to the design of the discharge duct of 
the laser, the beam is rectangular (25x3 
mm). During the experiment, the pulse rate 
was fixed at 20 Hz and the output power 
was measured with a power meter (Scien- 
tech 362, Scientech, Boulder, Colo) employ- 
ing a 190- to 250-mm spectral response 
probe. 

The source used for the xenon chloride 
(XeCl) 308-nm wavelength was the Lambda 
Physik Model EM 102 excimer laser (Co- 
henent Medical Inc, Palo Alto, Calif) having 
pulse characteristics similar to the Questek 
2000 series. Fresh gas was also used in each 
experiment. Figure 1 shows the experimen- 
tal setup used for absorption measurement 
in BSS and sodium hyaluronate. The laser 
beam was reflected into the absorption cell 
by a 45° mirror. This chamber was 7 mm 
deep with a quartz window at its apex. A 
silica fiber was inserted into the chamber 
and its distance from the quartz window 
was varied and measured with a digital 
Fowler micrometer, which has a resolution 
of 2x10 ° mm. The fiber end, polished to 
optical quality, was placed parallel to the 
input window and connected to a McPher- 
son Model 218 spectrometer. A photo multi- 
plier tube was used as the detector. The 
data were collected and displayed on an 
oscilloscope (Model 2335, Tektronix Inc, 
Irvine, Calif) when ArF 193-nm radiation 
was used. A boxcar signal average (PAR 
Model 162, Par Microsystems, New Hart- 
ford, NY) was employed for amplifying and 
registering the photomultiplier output 
when XeCl 308-nm radiation was used. 

To perform an absorption measurement 
on either BSS or sodium hyaluronate, the 
medium was filled into the absorption cell 
and the fiber lowered to touch the input 
window. This position gives the reading for 
“0 mm” material thickness. The digital mi- 
crometer was set to 0 at this position. The 
fiber was then retracted by a given amount. 
The distance so established between the 
fiber and input window is the material 
thickness relevant for absorption and is 
displayed on the digital micrometer. 

In addition to the measurement concern- 
ing the aforementioned chemicals, absorp- 


1611 





ae” 


B 


e 


Micrometer 


r 
y 
Z 
j 
j 
Z 
y 


f 


3 


Laser Beam 
45° Mirror 





Fig 1.—Experimental apparatus. BSS indi- 
cates balanced salt solution. 


tion measurements in human cadaver eyes 
were performed. Two human phakic cadav- 
er eyes, obtained from the Central Ohio 
Lions Eye Bank, had been enucleated with- 
in 4 hours of death 1 day prior to the 
experiment. Prior to the measurement, the 
corneas were examined with a slit lamp to 
ensure that they were clear. The lenses 
were removed using standard extracapsu- 
lar cataract extraction, leaving the posteri- 
or capsule intact. The incision was sutured 
with 10-0 nylon and the sodium hyaluronate 
used in the procedure was replaced by BSS. 
To perform absorption measurements, the 
apparatus in Fig 1 was modified according- 
ly. The absorption cell was replaced by the 
cadaver eye, the cornea pointing down- 
ward, with the eye accepting the laser 
beam through the 45° mirror. A 7-mm inci- 
sion was made in the posterior pole of the 
globe with a 7-mm trephine to allow the 
fiber to be inserted into the eye. For initial 
measurements the fiber was placed at the 
site of the incision at the level of the retina. 
These initial measurements showed that in 
the case of aphakic eyes, no detectable light 
arrived at the retina level using 109-nm 
light; however, a substantial signal was 
received for 308-nm light. With phakic 
eyes, no signal was received (meaning total 
absorption) for either 193- or 308-nm light. 

Based on these findings, a more detailed 
study was initiated for the aphakic eye. 
This involved reducing the material thick- 
ness by inserting the fiber deeper into the 
eye. Zero material thickness was defined at 
the point where the fiber touched the 
endothelium. 


RESULTS 


In both BSS and sodium hyaluro- 
nate, the XeCl 308-nm light experi- 
enced considerably less absorption 
than the ArF 193-nm light. Figure 2 
shows the absorption as a function of 
sample thickness for 308-nm light in 
BSS. The sample thickness is mea- 
sured as described above. The error of 
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at 308 nm. Squares with dots indicate the 
second series of measurements. 
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Fig 4.—Absorption in sodium hyaluronate at 
308 nm. Squares with dots indicate the sec- 
ond series of measurements; circles, third 
series; X's, fourth series; diamonds, fifth se- 
ries; and squares, sixth series. 


measurement is +2 um as measured 
by the Fowler micrometer. The photo- 
multiplier output signal (an analog 
voltage) is presented in arbitrary 
units. In a linear-log presentation, the 
slope of the line obtained represents 
the absorption coefficient regardless of 
the units used for the measured signal. 
Figure 3 shows the absorption for 
193-nm light in BSS. For comparison, 
308-nm light is also indicated. The 
values shown in Fig 2 represent an 
extinction coefficient of k=0.19/em for 
308-nm light. In contrast to this, the 
values represented by Fig 3 show an 
extinction coefficient of 145/em for 
193-nm light. In other words, accord- 
ing to the values of Fig 2, the 308-nm 
light will be reduced by a factor of 10 
after traveling 12 cm in BSS. For 193 
nm, it travels only 0.016 cm before 
being reduced by a factor of 10. Figure 
4 shows the absorption in sodium 
hyaluronate for 308-nm light and Fig 5 
shows the absorption for 193-nm light. 
The extinction coefficient for 308-nm 
light in sodium hyaluronate is 


1612 Arch Ophthalmol— Vol 108, November 1990 





Photomultiplier Output, Arbitrary Units 
= 


0.1 0.2 0.3 


O 


Sample Thickness, mm 


Fig 3.—Absorption in balanced salt solution 
at 193 nm. Triangles indicate the first series of 
measurements; squares with dots, second 
series; circles, third series; and x’s, fourth 
series. 
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Fig 5.—Absorption in sodium hyaluronate at 
193 nm. Squares with dots indicate the sec- 
ond series of measurements; circles, third 
series; x's, fourth series; and diamonds, fifth 
series. 
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Fig 6.—Absorption in aphakic human eyes at 
308 nm. Squares with dots indicate the sec- 
ond series of measurements. 


k=0.22/em for 3808-nm 
k= 540/em for 193-nm light. 
In the case of phakic human cadaver 
eyes for both 193- and 308-mm wave- 
lengths, total extinction of the laser 
light was observed at the posterior 
pole of the globe. In the case of aphakic 
cadaver eyes, complete absorption was 


light and 
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observed already at the endothelium of 
the cornea for 193-nm light. Figure 6 
shows the situation for aphakic eyes 
exposed to 308-nm light for various 
material thicknesses (0 thickness 
starts at the endothelium). 

However, it should be noted that 
blue fluorescent light was observed at 
the posterior pole in the aphakic eyes 
exposed to 308-nm light. This means 
that some of the light energy of the 
308-nm photon is converted into other 
photon energies, which usually results 
in longer-wavelength radiation. In the 
visible part of the spectrum, such radi- 
ation can travel through the entire 
eye, experiencing no absorption or 
only minor absorption. None of this 
fluorescing was seen with eyes ex- 
posed to 193-nm energy. 

The absorptions of the excimer laser 
wavelengths ArF 193 nm and XeCl 308 
nm in the material studies are vastly 
different. Because of the small extinc- 
tion coefficient of the materials studied 
for 308-nm light, exposing the cornea 
to this light may cause damage to the 
endothelium, lens, and retina (in apha- 
kic eyes), since the absorption proper- 
ties allow penetration of laser light to 
these structures. Currently, research- 
ers are investigating the use of 308-nm 
light for cataract surgery.” Some be- 
lieve that the development of fiber 
optic delivery systems and the use of 
308-nm light on the lens would be a 
useful adjunct to current surgical tech- 
niques, especially with new foldable 
and injectable lenses. Although such 
lenses would absorb 308-nm_ laser 
light, the low absorption coefficient in 
aqueous and sodium hyaluronate 
would make surrounding structures 
highly susceptible to unintended radia- 
tion exposure. Our data on the aphakic 
eye with 308-nm light may somewhat 
underestimate the amount of energy 
being transmitted to the posterior pole 
since wavelengths other than 308 nm 
were not detected by our equipment 
during this measurement. However, 
we observed a blue fluorescing light 
radiating from the opening at the pole. 
These observations suggest that the 
use of 308-nm light may be potentially 
dangerous and thus negate its use in 
ophthalmic procedures. 


COMMENT 


The properties of ArF 193-nm radia- 
tion differ remarkably from those of 
XeCl 308-nm radiation. Previous stud- 
ies have described the absorption 
mechanism of 193-nm light in physio- 
logic saline as a charge transfer from 
chloride ions to water. The energy of 
193-nm photons is theoretically suffi- 
cient to detach an electron from chlo- 
ride.*” This process has a resonance 
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absorption maximum at 190-nm light, 
which would explain why 193-nm light 
is absorbed more readily than 308-nm 
light in BSS. 

The somewhat larger absorption of 
193-nm laser light in sodium hyaluro- 
nate compared with BSS is an interest- 
ing finding of this experiment. If 
charge transfer were the only phenom- 
enon occurring, one would expect the 
absorption of 193-nm radiation to be 
the same in both sodium hyaluronate 
and BSS. Since there is slightly higher 
absorption in sodium hyaluronate, oth- 
er processes may be occurring as well. 

It has been postulated that photoab- 
lation occurs by the breaking of a 
molecular bond. The destruction of a 
molecular bond by absorption of the 
UV light as the main mechanism for 
tissue ablation can be supported by the 
ablation threshold of 193 nm. Laser 
light of 193 nm has an ablation thresh- 
old of 50 mJ/cm*” and is independent of 
the pulse repetition rate.” The exis- 
tence of an ablation threshold may 
indicate that unless sufficient photon 
energy to break the bond is absorbed 
during an interval comparable with the 
relaxation times of the material, no 
ablation will occur. The fact that there 
is a difference between the extinction 
coefficient at 308 nm and at 193 nm 
may imply that the resonance energy 
may be closer to 193 nm than 308 nm. 
For this reason, 193-nm radiation may 
be able to break the molecular bond 
more easily than 308 nm. 

The identity of the molecular bond 
remains elusive but it may be the 
carbon-nitrogen triple bond. If this 
were the case, the more carbon-nitro- 
gen bonds present in the media, the 
shorter the absorption depth would be. 
More study is needed to identify this 
bond and to make any definitive state- 
ment about its role in absorption. 

The absorption properties of 193-nm 
light should not negate its use in oph- 
thalmology. Since total extinction is 
reached with 193-nm light, its use on 
the cornea should not affect the lens or 
retina. By developing an appropriate 
delivery system for photoablative cata- 
ract surgery, 193-nm light could be 
used effectively in lens ablation. It has 
been shown by other investigators” 
that 193-nm light is strongly absorbed 
by chloride ions in saline. Some re- 
searchers believe that even if a suit- 
able optical fiber were developed to 
transmit the 193-nm light, the fiber 
would still need to be positioned imme- 
diately adjacent to the target tissue to 
avoid absorption of the radiation by 
physiologic saline.” As the results of 
our experiment show, saline does ab- 
sorb 193-nm light strongly, but the 
absorption is not so great as to obviate 


its use in lens ablation. 

In 1986, Dehm et al” investigated 
corneal endothelial injury following la- 
ser ablation at 193 and 248 nm. Their 
results showed that at a depth of 50% 
and 90% of corneal thickness, there 
was no observable cell loss with 193- 
nm light, and the morphologic features 
of the cells was identical to diamond 
knife incisions. Other studies have 
shown dropout of endothelial cells us- 
ing 193-nm light at high energy densi- 
ties.” 

The excimer laser is being investi- 
gated for potential roles in ophthalmol- 
ogy. Its use in photorefractive surgery 
and in ablative cataract surgery may 
offer great promise to patients. We 
believe that the use of 308-nm light 
needs to be more thoroughly studied 
since there is a possible danger in 
using it for ophthalmology. However, 
the 193-nm wavelength should prove 
useful for ophthalmic applications. 


This study was supported in part by The Bend- 
er Foundation, New York, NY, and The Ohio Eye 
Foundation. 
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Hydrogen Peroxide Localization 
in Experimental Optic Neuritis 


John Guy, MD; E. Ann Ellis, MS; Narsing A. Rao, MD 


è The association of reactive oxygen 
species to altered permeability of the 
blood-brain barrier in acute experimental 
encephalomyelitis was investigated by 
ultrastructural cytochemical localization 
of hydrogen peroxide (H,O,) to sites in 
the optic nerve previously identified by 
extravasation of intravascular horserad- 
ish peroxidase. Using a modified cerium 
method, we found electron-dense ceri- 
um-derived H,O, reaction product was 
localized to the perivascular space at the 
lamina retinalis, lamina choroidalis, and 
lamina scleralis. In the optic nerve head, 
electron-dense reaction product was ob- 
served in the presence of intravascular 
leukocytes, although adjacent perivascu- 
lar and interstitial inflammatory cells at 
this site were scant. In the myelinated 
retrobulbar optic nerve, cerium-derived 


E xperimental allergic encephalomy- 

elitis (EAE) is an immune-medi- 
ated animal model of central nervous 
system (CNS) demyelination. This dis- 
order is induced by the intradermal 
injection of spinal cord emulsion in 
complete Freunds adjuvant.’ Sensiti- 
zation of the immune system primes T- 
lymphocytes that in turn activate mac- 
rophages to mechanically strip axons 
of myelin and ingest axonal and myelin 
debris.” Focal inflammation and de- 
myelination are characteristic of the 
histopathologic features of the optic 
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H,O, reaction product was seen in the 
intravascular space of blood vessels and 
surrounding perivascular and interstitial 
foci of inflammatory cells. Reaction prod- 
uct was also observed in the extracellu- 
lar space adjacent to the plasmalemma 
of axons and glial cells in the optic nerve 
head and retrobulbar nerve. The perivas- 
cular and intravascular distribution of 
cerium-derived reaction product sug- 
gests that H,O, may play a role in the 
pathogenesis of altered vascular perme- 
ability in experimental optic neuritis and 
supports our previous observations of 
suppression of blood-brain barrier per- 
meability by detoxification of H,O, with 
the exogenous administration of antioxi- 
dant enzymes. 

(Arch Ophthalmol. 
4621) 
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nerve obtained from animals with 
EAE.” 

Reactive oxygen species such as su- 
peroxide (O, ) and hydrogen peroxide 
(H,O,) are discharged by inflammatory 
cells such as the macrophage.*® The 
plasma membrane of the macrophage 
contains nicotinamide-adenine dinu- 
cleotide phosphate (NADPH) oxidase 
that reacts with molecular oxygen (O,) 
during the respiratory burst (NAD- 
PH +20,~ NADP* + 20, + H+) to re- 
lease O, into the extracellular space. 
Hydrogen peroxide is a strong oxidant 
that is produced by the dismutation of 
superoxide (20, +2H*—H,0O,+0,).5* 
While not a true free radical, H,O, is 
rapidly converted to the highly toxic 
hydroxy] radical (OH) in the presence 
of free iron, via the Haber- Weiss reac- 
tion (Fe’* +H,0,— Fe** +OH+0OH)). 
Reactive oxygen species can lyse cul- 
tured endothelial cells,“ disrupt the 
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blood-brain barrier (BBB), and induce 
edema within the CNS." 

Disruption of the BBB is believed to 
play a major role in the pathogenesis of 
both experimental and human disor- 
ders of autoimmune demyelination. 
However, the mechanisms contribut- 
ing to this injury are unclear.“ In 
animals with EAE, endothelial cells 
constituting the BBB become perme- 
able to intravascular markers such as 
horseradish peroxidase (HRP), but the 
ultrastructural integrity of these cells 
appears to be preserved. *”® Extrava- 
sation of HRP within the optic nerve 
head occurs in the absence of adjacent 
inflammatory cells that are predomi- 
nantly localized to the myelinated re- 
trobulbar nerve.” The mediators con- 
tributing to such HRP leakage at this 
site are uncertain. While suppression 
of EAE by detoxification of H,O, to 
H,O plus O, with catalase and glutathi- 
one peroxidase suggests a role for H,O, 
and/or derivatives of H,O, in the patho- 
genesis of altered vascular permeabili- 
ty, the presence or absence of H,O, in 
the optic nerves was not previously 
examined.” We describe the localiza- 
tion of H,O, in experimental optic 
neuritis. 


MATERIALS AND METHODS 
H,O, 


Acute EAE was induced in five adult 
guinea pigs by sensitization with a spinal 
cord emulsion in complete Freunds adju- 
vant (Difco Laboratories, Detroit, Mich) 
that was injected subdermally into the nu- 
chal area. Two unsensitized animals served 
as controls. Guinea pigs were maintained in 
animal care facilities fully accredited by the 
American Association of Laboratory Ani- 
mal Science, and they were humanely cared 
for in accordance with the Association for 
Research in Vision and Ophthalmology Res- 
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olution on the Use of Animals in Research. 
The animals were euthanized by an intra- 
cardiac injection of 3 to 5 mL of pentobarbi- 
tal sodium 6 to 31 days after antigenic 
sensitization. The globe and attached optic 
nerve were immediately dissected out and 
fixed in 5.0% acrolein in 0.1 mol/L of sodium 
cacodylate-hydrochloric acid (HCl) buffer 
(pH 7.4) for 1 hour. Specimens were 
washed in a buffer consisting of 0.15 mol/L 
of sodium cacodylate—HCl, 5% sucrose, and 
1% dimethyl sulfoxide (pH 7.4) overnight in 
the cold; then they were brought to room 
temperature by the final two washes con- 
taining 0.1 mol/L of glycine. Specimens 
were preincubated in 2.0 mmol/L of cerium 
chloride, 10 mmol/L of 3-amino-1,2,4-tria- 
zole, 0.1 mol/L of TRIS-maleate buffer, 7% 
sucrose, and 0.0002% octoxynol-9 (Triton 
X-100) (pH 7.5) for 30 minutes at 37°C. 
They were then incubated in the complete 
reaction medium consisting of 2.0 mmol/L 
cerium chloride, 0.8 mmol/L the reduced 
form of nicotinamide-adenine dinucleotide 
(NADH), 10 mmol/L of 3-amino-1,2,4-tria- 
zole, 0.1 mol/L of TRIS-maleate buffer, 7% 
sucrose, and 0.0002% octoxynol-9 (pH 7.5) 
for 1 hour at 37°C. The reaction was termi- 
nated by washing in cold 0.1 mol/L of TRIS- 
maleate buffer and 7% sucrose (pH 7.5) 
followed by one wash in 0.1 mol/L of sodium 
cacodylate buffer and 7% sucrose (pH 7.4). 
Specimens were postfixed overnight in 
cold 1% osmium tetroxide in 0.1 mol/L 
sodium cacodylate buffer and 7% sucrose 
(pH 7.4), dehydrated through an ethanol 
series (40%, 60%, 80%, 95% twice, x 100% 
twice) to propylene oxide, and infiltrated 
and embedded with a resin mixture 
(LX-112:Quetol 651) for electron micros- 


copy. 


Horseradish Peroxidase 


To provide a comparison of the foci of 
disruption of the BBB and the localization 
of H,O, representative electron micro- 
graphs of guinea pigs with EAE who had 
received intravascular HRP were prepared 
as previously described.“ 


RESULTS 


Cerium-derived H,O, reaction prod- 
uct was seen along the outer segments 
of the peripapillary retina in both nor- 
mal animals and animals with EAE. 
This distribution of H,O, in nor- 
mal animals has previously been de- 
scribed by Atalla and coworkers.” 
Electron-dense reaction product was 
not seen in the optic nerve specimens 
obtained from unsensitized normal ani- 
mals without EAE. The Table summa- 
rizes the localization of cerium-derived 
H,O, reaction product in the optic 
nerve head and adjacent myelinated 
retrobulbar nerve of our animals with 
EAE. 


Optic Nerve Head 


During the earliest stage of acute 
EAE that we evaluated, an intravas- 
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*IV indicates intravascular; PV, perivascular; IT, interstitial; plus sign, hydrogen peroxide reaction product is 
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Fig 1.—Leukocytes (L) and cerium-derived hydrogen peroxide reaction product are seen within 


the lumen of the choroidal vasculature adjacent to the optic nerve head. Discharge of hydrogen 
peroxide by mononuclear leukocytes is illustrated by the accumulation of electron-dense 
reaction product (arrows) at the site of apposition to the endothelial cell (E) ( x 8000). 


cular distribution of electron-dense 
H,O,-derived reaction product was 
most evident. Localization of cerium- 
derived reaction product was observed 
within the lumen of small blood vessels 
of the optic nerve head during this 
early stage of EAE, prior to the onset 
of paralysis 6 days after antigenic sen- 
sitization. Leukocytes had electron- 
dense deposits on the plasma mem- 
brane and adjacent electron-dense 
reaction product within the intravascu- 
lar space of blood vessels in the lamina 
scleralis 6 days after antigenic sensiti- 
zation. Intravascular H,O, reaction 
product was seen also within the su- 
perficial vessels of the lamina retinalis 
adjacent to the vitreous. While intra- 
vascular H,O, reaction product was 
seen 8 to 15 days after antigenic sensi- 
tization, it was less prominent than the 
earliest phase of EAE evaluated (Ta- 
ble). Perivascular and interstitial H,O, 
were also evident 6 days after antigen- 
ic sensitization, but these distributions 


of electron-dense reaction product 
were not yet as prominent a finding as 
in the specimens obtained from guinea 
pigs euthanized 8 to 15 days after CNS 
sensitization. 

During the early phase of EAE, the 
origin of intravascular and perivascu- 
lar H,O, in the optic nerve head ap- 
peared to be derived from activated 
inflammatory cells within the intravas- 
cular space of vessels at this anatomic 
site. Figure 1 shows leukocytes and 
cerium-derived H,O, reaction product 
in the lumen of the choroidal vascula- 
ture adjacent to the optic nerve head. 
Discharge of H,O, by a mononuclear 
leukocyte is illustrated by the accumu- 
lation of electron-dense reaction prod- 
uct at the site of apposition to the 
endothelial cell lumen. Figure 2 shows 
cerium-derived H,O, reaction product 
surrounding the plasmalemma of an 
intravascular mononuclear leukocyte 
at this focus adjacent to the border 
tissue of Elschnig. However, electron- 
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dense reaction product was not seen 
within the lumen of all blood vessels at 
this site. Cerium-derived H,O, reaction 
product adjacent to an inflammatory 
cell process can be traced from the 
lumen to the perivascular space 
through the endothelial cell fenestra- 
tion and at the site of apposition of a 
mononuclear cell to the endothelial cell 
luminal surface (Figs 2 and 3). Elec- 
tron-dense reaction product observed 
within the lumen of an adjacent vessel 
in the absence of contiguous intravas- 
cular inflammatory cells may have 
been carried downstream from the site 
of intravascular discharge, although it 
is also possible that no leukocyte was 
seen at this plane of section (Fig 3). 
Perivascular H,O, was also present, 
although the aggregates of reaction 
product were not as sizable as those 
seen within the lumen. 

Perivascular localization of H,O, re- 
action product was most apparent 8 to 
15 days after antigenic sensitization. 
While the intravascular distribution of 
H,O, was less prominent 8 to 15 days 
after immune sensitization, a perivas- 
cular distribution of H,O, was seen 
around some vessels as early as 6 days 
after myelin sensitization. Cerium-de- 
rived H,O, reaction product surround- 
ed capillaries at the border tissue of 
the optic nerve head and the vascular 
choroid. Electron-dense reaction prod- 
uct was also localized to the perivascu- 
lar space of a small blood vessel in the 
lamina choroidalis of a guinea pig with 
acute EAE. 

The perivascular and adjacent inter- 
stitial distribution of cerium-derived 
H,O, reaction product in the unmyelin- 
ated guinea pig optic nerve head ap- 
peared to be disseminated by the 
neighboring vasculature. There were 
scant perivascular and interstitial in- 
flammatory cells in the unmyelinated 
optic nerve head. Eight to 15 days 
after antigenic sensitization, cerium- 
derived H,O, reaction product in the 
optic nerve head was a prominent find- 
ing at the junction of the optic nerve 
head and choroidal vasculature. The 
large aggregates of electron-dense re- 
action product at this site in the lamina 
choroidalis appeared to diminish with 
extension into the lamina retinalis and 
lamina choroidalis. Figure 4 shows 
large aggregates of cerium-derived 
H,O, reaction product in the optic 
nerve head adjacent to the vascular 
choroid. Lesser aggregates of H,O, re- 
action product appeared to advance 
into the lamina retinalis and lamina 
scleralis. Smaller aggregates of ce- 
rium-derived H,O, reaction product 
were seen in the extracellular space 
between the unmyelinated axons and 





Leakage of electron-dense reaction product from the intravascular to the perivascular space is 
seen through endothelial cell fenestrations (F) ( x 11 500). 





Fig 3.—Electron-dense reaction product (arrows) is seen within the lumen of a blood vessel in 
the absence of intravascular inflammatory cells (upper left) but in close proximity to another 
vessel with an intravascular inflammatory cell (IC). Cerium-derived hydrogen peroxide reaction 
product associated with the process of this inflammatory cell can be traced from the lumen to the 
perivascular space through the blood vessel fenestration (F) ( x 8750). 


glial cells of the interstitium of the 
lamina choroidalis, the lamina scleralis 
(Fig 5), and the lamina retinalis. At 
these sites in the optic nerve head, 
cerium-derived H,O, reaction product 
was not in direct apposition to blood 
vessels and interstitial inflammatory 
cells were scant. 
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The distribution of cerium-derived 
H,O, reaction product at the optic 
nerve head appeared similar to the 
pattern of HRP extravasation, after 
its intravascular administration, re- 
sulting from the disruption of the BBB 
in animals with EAE. Figure 6 shows 
the localization of HRP reaction prod- 
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Fig 4.—Large aggregates of cerium-derived hydrogen peroxide reaction product are seen in the 
lamina choroidalis (single arrows) adjacent to the choroidal vasculature (double arrows) sepa- 
rated by the border tissue of Elschnig (B). Lesser aggregates of hydrogen peroxide reaction 
product appear to advance into the lamina retinalis (triple arrows) and lamina scleralis ( x 5000). 


uct in the border tissue of the optic 
nerve head and vascular choroid. This 
distribution of HRP reaction product 
associated with EAE” is comparable to 
the distribution of cerium-derived H,O, 
reaction product previously illustrated 
by Fig 4. 

During the late stage of EAE, 31 
days after myelin sensitization, scant 
electron-dense reaction product was 
evident in the optic nerve head. 
Demyelination and reactive gliosis 
were prominent pathologic findings. 
The acute inflammatory reaction had 
subsided. 


Retrolaminar Myelinated Optic Nerve 


As observed in the optic nerve head, 
cerium-derived H,O, reaction product 
in the retrobulbar nerve had both an 
intravascular and perivascular distri- 
bution. Cerium-derived H,O, reaction 
product was present within the lumen 
of vessels in the retrobulbar optic 
nerve posterior to the lamina scleralis 
(Fig 7). The intercellular junctions be- 
tween endothelial cells forming the 
BBB were stained with electron-dense 
reaction product. This finding was 
most conspicuous 6 days after antigen- 
ic sensitization. Perivascular inflam- 
matory cells were not yet a prominent 
finding during this preclinical phase of 
acute EAE. 
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In the retrobulbar optic nerve, a 
perivascular distribution of inflamma- 
tory cells and H,O, reaction product 
were characteristic features 8 to 
15 days after antigenic sensitization. 
Electron-dense reaction product and a 
perivascular infiltrate of inflammatory 
cells surrounded blood vessels in the 
myelinated nerve. These inflammatory 
cells appear to be unactivated since 
H,O, reaction product was not seen 
surrounding them. Figure 8 shows a 
perivascular distribution of H,O, in the 
myelinated nerve. The discharge of 
H,O, by activated mononuclear inflam- 
matory cells in the perivascular space 
contributed to the copious aggregates 
of electron-dense reaction product dis- 
tal to the vessel. The perivascular lo- 
calization of HRP reaction product in- 
dicating disruption of the BBB is 
illustrated in Fig 9. This was compara- 
ble to the perivascular distribution of 
cerium-derived H,O, reaction product 
illustrated by Fig 8.” 

Eight to 15 days after antigenic sen- 
sitization, inflammatory cell infiltra- 
tion was abundant in the interstitial 
retrobulbar optic nerve posterior to 
the lamina scleralis, the site where 
myelination commences in the guinea 
pig optic nerve.” Cerium-derived elec- 
tron-dense reaction product was found 
adjacent to mononuclear inflammatory 
cells and their processes in the intersti- 





tium of the retrobulbar myelinated 
nerve, unlike the optic nerve head 
where there were scant perivascular 
and interstitial leukocytes. Figure 10 
shows electron-dense reaction product 
surrounding the plasmalemma of acti- 
vated inflammatory cells and adjacent 
to vesiculated myelin. Mononuclear 
cells devoid of cerium-derived H,O, 
reaction product were also seen. These 
leukocytes were presumed to be unac- 
tivated. Consequently, in the myelin- 
ated nerve, cerium-derived H,O, reac- 
tion product was predominantly found 
adjacent to the perivascular space and 
in close apposition to activated inflam- 
matory cells and their processes. 

During the late stage of EAE, 31 
days after myelin sensitization, scant 
electron-dense reaction product was 
evident in the retrobulbar optic nerve. 
Only a small focus of cerium-derived 
electron-dense H,O, reaction product 
could be found. Demyelination and 
gliosis were evident, but inflammatory 
cells were absent. 


COMMENT 


We have clearly demonstrated the 
presence of a reactive oxygen species 
such as H,O, in the optic nerves of 
animals with acute EAE. In this pri- 
mary disorder of demyelination, the 
optic nerve head was a consistent site 
of H,O, localization. The origin of the 
H,O, in the optic nerve during the 
preclinical phase of EAE appeared to 
be derived from inflammatory cells, 
such as the monocyte, within the intra- 
vascular space. It is well known that 
reactive oxygen species such as H,O, 
are discharged by sensitized inflam- 
matory cells during the respiratory 
burst.” This intravascular distribution 
of H,O, was a principal feature of the 
earliest phase of EAE that we evalu- 
ated. The prominence of intravascular 
cerium-derived H,O, reaction product 
derived from the monocytes, the pre- 
cursors to the effector cells of demy- 
elination, the macrophages, suggests 
that release of reactive oxygen spe- 
cies” occurs in the intravascular 
space during the early phase of acute 
EAE. It is during this preclinical 
phase of EAE that the BBB is initially 
disrupted.** 

The induction of EAE is dependent 
on mediators that alter BBB perme- 
ability.“ Discharge of reactive oxy- 
gen species such as H,O, and other 
mediators by leukocytes in proximity 
to endothelial cells increases perme- 
ability of the BBB. “>= During this 
time, 6 days after antigenic sensitiza- 
tion, the neurologic signs of EAE were 
not yet evident. It was during this 
period that intravascular discharge of 
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Fig 5.—Smaller aggregates of cerium-derived hydrogen peroxide reaction product (arrows) are 
seen in the extracellular space surrounding the unmyelinated axons and glial cells within the 
interstitium of the lamina choroidalis (LC) and the lamina scleralis (LS). Interstitial inflammatory 
cells are scant at these sites in the unmyelinated optic nerve head ( x 12 500). 


Fig 6.—Electron-dense horseradish peroxidase leaks, after intravascular administration, from 
the vascular choroid (C) into the border tissue of the lamina choroidalis (arrows). This is identical 
to the site of hydrogen peroxide localization in the optic nerve head ( x 3450). 
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H,O, by presumably sensitized acti- 
vated circulating inflammatory cells 
was most prominent. 

While the release of H,O, and other 
mediators by stimulated blood mono- 
cytes increases permeability of the 
BBB,*” it may take time for these 
reaction oxygen species to effect dis- 
ruption of the BBB. This would ac- 
count for the predominance of intra- 
vascular H,O, seen during the initial 
stage of acute EAE and the promi- 
nence of perivascular and interstitial 
distributions of H,O, soon afterwards. 
Reduced glutathione or other cytoplas- 
mic reducing agents consumed in the 
detoxification of H,O, may protect the 
endothelial cell, forming the BBB, 
against oxidative injury.” This defen- 
sive mechanism may be overwhelmed 
by the mounting presentation of H,O, 
and other oxidants during the induc- 
tion of EAE. Consequently, the expen- 
diture of this reducing shield against 
reactive oxygen species may contrib- 
ute to the disruption of the BBB, infil- 
tration of inflammatory cells, and local- 
ization of H,O, in the perivascular 
space and interstitial optic nerve. 

The virtually identical localization of 
H,O, in the optic nerve head to the 
sites of disruption of the BBB suggests 
that H,O, and/or derivatives of H,O, 
play a role in the pathogenesis of al- 
tered vascular permeability.” Hy- 
drogen peroxide and HRP" reaction 
products seen in the perivascular space 
were predominantly focused around 
small capillaries and venules of the 
optic nerve head and at the border 
tissue adjacent to the vascular choroid. 
At these sites, H,O, appeared to be 
disseminated by the adjacent choroidal 
vasculature, where the BBB is normal- 
ly absent.” 

The rich vascular supply of the optic 
nerve and absence of the BBB at the 
optic nerve head are factors that may 
contribute to the high prediction for 
optic nerve involvement in experimen- 
tal’ and human disorders of demy- 
elination.” The normal absence of the 
BBB at the border tissue of the optic 
nerve head and adjacent choroidal vas- 
culature™ may be a nidus for accumula- 
tion and dissemination of reactive oxy- 
gen contributing to amplification of the 
phlogistic response, vascular perme- 
ability, edema of the optic nerve head, 
and demyelination of the retrobulbar 
nerve. 

As observed in the optic nerve head, 
the localization of H,O, in the myelin- 
ated retrobulbar optic nerve had both 
an intravascular and perivascular dis- 
tribution. Diffusion of H,O, from the 
perivascular space and extension into 
the extracellular space contributed to 
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the dissemination of H,O, in the inter- 
stitium of this myelinated segment of 
the optic nerve. 

The retrobulbar optic nerve had an 
additional source of H,O, that appeared 
to be derived directly from activated 
mononuclear cells that had infiltrated 
the interstitial nerve. At this site, 
cerium-derived H,O, reaction product 
surrounded mononuclear leukocytes 
and their processes. However, this ex- 
tra source of H,O, did not appreciably 
contribute to the presence of H,O, in 
the interstitium of the unmyelinated 
optic nerve head, where extravascular 
inflammatory cells were sporadic. 

Reactive oxygen species may be in- 
volved in leukocyte migration across 
the BBB by alterations of endothelial 
cell permeability. * Consequently, dis- 
ruption of the BBB by H,O, and/or 
derivatives of H,O, may contribute to 
the perivascular and interstitial infil- 
tration of inflammatory cells into the 
retrobulbar optic nerve. Weakening of 
the endothelial cell junctions by H,O, 
and derivatives of H,O, may facilitate 
diapedesis of circulating inflammatory 
cells. Our observations of H,O, sur- 
rounding inflammatory cells and their 
processes extending from the luminal 
to the abluminal surface of endothelial 
cells suggests a role for reactive oxy- 
gen in the leukocyte assault on the 
CNS. However, it is unclear whether 
reaction oxygen species were released 
prior to leukocyte migration from the 
lumen to the abluminal surface of endo- 
thelial cells” or concomitant to it.™” 

Discharge of H,O, by the infiltrating 
inflammatory cells may amplify BBB 
disruption and increase the phlogistic 
response. The rich anastomotic vascu- 
lar supply of the optic nerve” may 
rapidly circulate H,O, discharged by 
intravascular and perivascular leuko- 
cytes. Consequently, H,O, may be dis- 
persed to other blood vessels, result- 
ing in propagation of BBB disruption 
and tissue accumulation of H,O, at 
other sites in the optic nerve head, in 
the absence of contiguous inflamma- 
tory cells at these sites. The invariable 
finding of foci of inflammatory cell 
infiltration in the myelinated optic 
nerve of all our specimens and in previ- 
ous studies of HRP extravasation” 
suggests a close association between 
discharge of H,O, and leukocytic inva- 
sion of the optic nerve. 

Detoxification of reactive oxygen 
species may inhibit migration of sensi- 
tized lymphocytes and mediators of 
demyelination across the vascular en- 
dothelium” and suppress myelin injury 
in EAE.” Unlike highly reactive free 
radicals that are rapidly consumed at 
the sites of production, H,O, may cross 
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Fig 7.—Hydrogen peroxide reaction product (short arrows) is seen in the lumen of a blood vessel 
of the retrobulbar optic nerve, just posterior to the lamina scleralis. The intercellular junctions 
(long arrows) between endothelial cells forming the blood-brain barrier are stained with elec- 
tron-dense reaction product ( x 12 500). 


Fig 8.—An intravascular (short arrows) and perivascular (long arrows) distribution of hydrogen 
peroxide reaction product is seen in the myelinated retrobulbar nerve. IC indicates inflammatory 
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Fig 9.— The perivascular localization of horseradish peroxidase (arrows) indicating disruption of 
the blood-brain barrier is comparable to the perivascular distribution of cerium-derived hydro- 
gen peroxide reaction product shown in Fig 8. LU indicates vessel lumen ( x 5700). 


Fig 10.—Electron-dense hydrogen peroxide reaction product (arrows) surrounds the plasma- 
lemma of mononuclear inflammatory cells (M) and extends into the interstitium of the retrobulbar 
myelinated optic nerve adjacent to vesiculated myelin surrounding an axon (A). Unactivated 
mononuclear cells devoid of hydrogen peroxide reaction are also seen ( x 6250). 
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biologically active membranes and dif- 
fuse away from the sites of its genera- 
tion. The phospholipids, glycoproteins, 
glycolipids, glycerides, and sterols 
present in myelin and axolemma mem- 
branes are susceptible to peroxidation 
by H,O, and reactive oxygen species 
derived from H,0,.™°“®” Consequent- 
ly, reactive oxygen metabolites dis- 
charged into the extracellular space 
may contribute to myelin vesiculation 
and phagocytosis of myelin debris by 
the macrophage.“ 

Accumulation of H,O, is suppressed 
by antioxidant enzymes. Detoxification 
of H,O, with catalase reduces edema 
and demyelination of the optic nerve*™ 
and spinal cord in EAE” and suppress- 
es permeability of the BBB.“ Our 
study cytochemically demonstrates the 
presence of H,O, in the optic nerves of 
animals with EAE, suggesting a role 
for H,O, and/or derivatives of H,O, in 
the pathogenesis of altered permeabili- 
ty of the BBB in this primary disorder 
of demyelination. 
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Scleral Buckling and Ocular Rigidity 


Clinical Ramifications 


Thomas R. Friberg, MS, MD, Stuart B. Fourman, MD 


è Ocular rigidity is the change in in- 
traocular pressure produced by an incre- 
mental change in intraocular volume. Oc- 
ular rigidity was determined in 14 donor 
eyes by injecting small increments of a 
balanced salt solution through the lim- 
bus, while continually monitoring the in- 
traocular pressure with a transducer. A 
buckling procedure was then performed 
in these eyes with the use of various 
solid silicone or stainless steel encir- 
cling elements, and the experiments 
were repeated. Buckled eyes were signif- 
icantly less rigid than unbuckled eyes, 
and eyes with higher buckles were signif- 
icantly less rigid than those with shal- 
lower buckles. The observed changes in 
rigidity are likely secondary to changes 
in the shape and stress distribution of 
the scleral shell and are only to a small 
degree related to the elasticity of the 
encircling element. Greater volumes of 
vitreous substitutes, gases, or anti- 
biotics may be injected into buckled 
eyes compared with unbuckled eyes be- 
fore excessive intraocular pressures are 
reached. 

(Arch Ophthalmol. 
1627) 


1990;108:1622- 


[ nttaccular volume is altered during 

the course of many ophthalmic surgi- 
eal procedures, including scleral buck- 
ling, pneumatic retinal reattachment, 
and intraocular injection of gases or 
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fluids to reconstitute the eye. Rela- 
tively large volumes may be needed, 
especially if subretinal fluid has been 
drained. Ocular rigidity, or the change 
in intraocular pressure per incremen- 
tal change of intraocular volume, has 
particular relevance in these clinical 
situations. 

Some investigators have studied the 
changes in ocular rigidity after scleral 
buckling in the context of altered 
Schiotz tonometry’ or tonography re- 
sults.” In these studies, the intraocular 
volumes were changed only slightly. 
The investigators found that scleral 
buckling reduces ocular rigidity so that 
Schiotz tonometry measurements in 
these eyes are spuriously low. We 
performed multiple experiments 
whereby both buckled and unbuckled 
eye bank eyes were injected with larg- 
er incremental volumes of a balanced 
salt solution to study the relationship 
between ocular rigidity and buckling. 
To help determine the causes of any 
observed rigidity changes, both con- 
ventional elastic silicone elements and 
rigid stainless steel encircling bands 
were used for encirclement. 


MATERIALS AND METHODS 


Experiments were conducted on 14 whole 
eye bank eyes from donors aged 48 to 79 
years (mean age, 69+ 13 years) who had not 
undergone any ocular surgery. Eyes were 
studied within 12 hours of patient death and 
measured 24+1 mm in largest diameter. 
Eyes with staphylomas or scleral ectasia or 
those from donors with connective-tissue 
disorders were excluded. 

Our injection system consisted of a three- 
way stopcock connected via rigid polyethyl- 
ene tubing to a pressure transducer (Gould- 
Statham 23X, Grass Instruments, Quincy, 
Mass), a 25-gauge needle, and a tuberculin 
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syringe filled with balanced salt solution 
(BSS, Alcon Laboratories, Fort Worth, 
Tex). The pressure transducer, which was 
calibrated before each experiment, was con- 
nected to a single-channel polygraph (Model 
TE, Grass Instruments) to monitor intra- 
ocular pressure continually. 

To perform scleral buckling, the volume 
of the eye was first reduced by placement of 
a 27-gauge needle through the limbus to 
remove aqueous fluid from the anterior 
chamber. Posterior chamber fluid and liquid 
vitreous were removed by directing the 
needle through the peripheral iris into the 
posterior chamber and vitreous cavity. The 
needle was then removed, and the 25-gauge 
infusion needle was placed into the same 
needle tract, after first purging the system 
of air bubbles. Eyes were tested at room 
temperature and were observed during in- 
fusion for evidence of fluid leakage. 

The effects of two rigid stainless steel 
encircling bands 21.3 and 24 mm in inside 
diameter, 3 mm wide, and 0.5 mm thick 
were studied by slipping the bands over the 
back of the globe and suturing them to the 
equator, with the use of one mattress su- 
ture (with the suture bites 5 mm apart) in 
each quadrant (Fig 1). Six donor eyes were 
studied. We also evaluated a 9-mm-wide 
No. 279 symmetric silicone tire (MIRA, 
Waltham, Mass) cut to a circumference of 
68 mm. This symmetric silicone tire was 
sutured to the equator of each of six differ- 
ent donor eyes with one nylon mattress 
suture (5-0 Dermalon, Davis and Geck, 
Danbury, Conn) per quadrant (with arms 
11 mm apart). The cut ends of the element 
abutted one another. A 2-mm (No. 40, 
MIRA) band was placed in the groove of the 
No. 279 exoplant and joined with a clove 
hitch of a mattress suture. 

The effect of buckle height was assessed 
by varying the unstretched circumference 
of a No. 240 band (2.5-mm-wide silicone 
strip). This band was sutured to each of two 
different donor globes with four evenly 
spaced equatorial mattress sutures (with 
arms 4.5 mm apart), and the ends were 
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Fig 1.—A stainless steel band, 21.3 mm in 
inside diameter, has been sutured to the 
globe to produce scleral buckling before rigid- 
ity testing. Several encircling buckles of solid 
silicone were also evaluated. 


joined with a Watzke sleeve. 

The highest buckle was first placed on 
the eye and the eye was then injected with 
0.05-mL increments of balanced salt solu- 
tion until the intraocular pressure reached 
10 to 15 mm Hg. Additional incremental 
volumes of 0.01 mL were injected manually 
via the tuberculin syringe at a rate of 0.01 
mL per second followed by a 1-second de- 
lay. The resultant intraocular pressure was 
read off the strip recorder after each vol- 
ume injection. The experiment proceeded 
until a final intraocular pressure of 80 to 90 
mm Hg was reached, at which time the 
pressure was reduced by venting aqueous 
fluid through the syringe. Data were ob- 
tained for three separate trials. The buck- 
ling element was then removed, the next 
shallower buckle was placed, and the pro- 
cess was repeated. All eyes were studied in 
the unbuckled state as well. 

A correction was made to account for the 
very slight distensibility of the tubing and 
the transducer at each resultant intraocular 
pressure. This correction was determined 
by closing off the infusion needle at the 
stopcock and generating a pressure-volume 
correction curve from the closed system. 

We also measured the reduction in intra- 
ocular volume associated with the height of 
the buckling element. At the end of the 
experiment, each element was removed 
without removal of the injection needle 
from the anterior segment. The volume of 
fluid required to reinflate the now unbuck- 
led eye to an intraocular pressure of 20 mm 
Hg was determined. 

Ocular rigidity was determined by the 
slope of the pressure-volume curves. It was 
also calculated using the van der Werff 
formula: 


AV = pis sf p3 

FI 
where P, is the initial intraocular pressure, 
P, is the final intraocular pressure after an 
alteration (AV) of the intraocular volume, 
and K is the ocular rigidity function.* This 
allowed an approximate numerical compari- 
son of overall ocular rigidity of the different 
buckling configurations. The mean and SD 


of the rigidity values were calculated for 
each eye. A repeated-measures analysis of 
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Fig 2.— Intraocular pressure vs incremental volume added in unbuckled eyes, eyes buckled with 
a 360° 3-mm x 21.3-mm-diameter stainless steel band, eyes buckled with a 360° No. 279 9-mm- 
wide symmetric silicone tire 68 mm in circumference, and eyes buckled with a 360° 2.5-mm No. 
240 silicone band 64 mm in circumference. Ocular rigidity values, represented by the slope of 
the curves determined by linear regression, are 0.498 + 0.012, 0.349 + 0.009, 0.177 + 0.003, 


and 0.174 + 0.005 mm Hg/yL, respectively. 


variance (ANOVA), with each eye serving 
as its own control, was performed to deter- 
mine statistical significance between 
results. 


RESULTS 


Intraocular pressure vs injected vol- 
ume was plotted for four buckle config- 
urations (Fig 2). Each point on the 
curves in Fig 2 represents an average 
of three to 15 separate points. The 
slope of each curve, determined by 
linear regression analysis, equaled the 
ocular rigidity across a range of pres- 
sures. Buckled eyes were significantly 
less rigid (more compliant) than un- 
buckled eyes. 

The ocular rigidity vs the intraocular 
pressure was also plotted for several 
configurations by noting the change in 
volume, measured in 0.01-mL incre- 
ments, required to increase the intra- 
ocular pressure 5 mm Hg over a given 
range of pressure, eg, from 20 to 
25 mm Hg (Fig 3). Each point on these 
curves represents the average of 15 to 
70 separate incremental values. With 
the use of linear regression analysis, 
the best-fit curve of rigidity vs in- 
traocular pressure was determined. 
These data were derived from at least 
six eyes for each type of buckling 
element and from a total of 14 unbuck- 
led eyes. The ocular rigidity values for 
eyes buckled with a 21.3-mm-diameter 
steel buckle were significantly higher 
than those for eyes buckled with 


24.0-mm-diameter steel buckles. Simi- 
larly, unbuckled eyes had significantly 
higher rigidity values than eyes buck- 
led with No. 279 silicone bands or steel 
buckles 21.3 or 24.0 mm in diameter, 
by ANOVA. Plotting of ocular rigidity 
vs the intraocular pressure for several 
different buckling heights with an 
equatorial No. 240 encircling band are 
shown in Fig 4. The rigidity values 
represented by each curve are signifi- 
cantly different from those of the other 
curves (P<.05). 

Ocular rigidity values calculated 
with use of the van der Werff’ formula 
for each of the buckle configurations 
are shown in the Table. Compared 
with the unbuckled state, buckling sig- 
nificantly reduced the ocular rigidity in 
all configurations (P<.05) with the No. 
240 encircling band. There was signifi- 
cantly reduced ocular rigidity as the 
circumference was reduced by 5-mm 
increments until a circumference of 
59 mm was reached. 

Plotting of the reduction in intraocu- 
lar volume induced by a No. 240 encir- 
cling band of variable circumference is 
shown in Fig 5. 


COMMENT 


Ocular rigidity is a physical variable 
that relates to the elasticity of the eye. 
It is influenced by myopia, use of miot- 
ic agents, intraocular injection of a 
compressible gas, and scleral buck- 
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Fig 3.— Effect of intraocular pressure and scleral buckling on ocular rigidity in unbuckled eyes vs 
eyes buckled with a 360° No. 279 9-mm-wide symmetric silicone tire (top) and eyes buckled with 
3-mm-wide stainless steel bands of two different diameters (24.0 and 21.3 mmì (bottom). The 
difference in rigidity values between each pair of curves is statistically significant. 


ling.™ Friedenwald” developed a for- 


mula for ocular rigidity that assumes it 


to be constant for a given eye regard- 
less of the intraocular pressure. Subse- 
quently, other investigators have de- 
termined that rigidity increases with 
increasing intraocular pressures™” 
and developed alternative formulas to 
characterize this change as a function 
of pressure.” 

Although scleral buckling reduces 
the volume of the vitreous cavity (Fig 
5), so that a given volume of vitre- 
ous replacement actually represents a 
larger ‘percentage of the intraocular 


volume in a buckled vs an unbuckled 
eye, the intraocular pressure attained 
vs the volume of fluid injected is con- 
sistently lower in buckled eyes (Fig 2). 
This reduction in ocular rigidity oc- 
curred even when stainless steel bands 
were used as encircling elements. Fur- 
thermore, rigidity decreased progres- 
sively and was less variable across a 
range of pressures as the buckle was 
made tighter (Fig 4). 

The levels of ocular rigidity we cal- 
culated with use of the van der Werff 
formula were generally lower than 
those previously reported. Our use of 
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fresh, whole eyes and a slower, more 
clinically relevant rate of infusion may 
have influenced our results, especially 
because beads of aqueous fluid could be 
observed during experimentation on 
the surface of the globe over the tra- 
becular meshwork. Hence, some fluid 
drainage occurred from the eye during 
the course of the infusion. Leakage 
from the needle tract, however, was 
not observed. For buckled eyes, the 
use of the van der Werff equation may 
not be applicable for all configurations 
but it was used for the sake of compari- 
son. Furthermore, this empirical equa- 
tion employs only the initial and final 
data points and may be a less sensitive 


measure of rigidity than is the deter- . 


mination of the slope of the intraocular 
pressure vs added intraocular volume 
at multiple intervals. 

We believe that there are several 
reasons for the reduction in rigidity 
following scleral buckling. As the in- 
traocular pressure rises in the normal 
spherical globe, collagen and elastic 
fibers in the scleral shell are stretched 
more or less uniformly. As intraocular 
volume increases, the intraocular pres- 
sure increases in a somewhat nonlinear 
fashion (Fig 2). Other investigators 
have also described this behavior.” 


The nonlinearity is due at least in part . 


to the gross morphologic features of 
the scleral collagen and elastic tissue 
that resemble a mat of woven fibers. 
As the stress on the fibers is increased 
at high intraocular pressures, it is like- 
ly that any “slack” that was present 
initially in the fibers is gradually elimi- 
nated, making the material stiffer. 
Analogously, the same effect is noticed 
when a loosely woven cloth is subject- 
ed to tension. 

Shape is a key factor in the determi- 
nation of the stress in the wall of the 
eye or any hollow pressurized vessel. 
When an encircling band is placed 
around the eye, the eye becomes more 
cylindrical. From stress analysis, it 
can be shown that the stress in the 
wall of a cylinder along its circumfer- 
ence is twice as high at any given 
internal pressure than the stress in the 
wall of a sphere of the same diameter” 
(Fig 6). Hence, in an eye made more 
cylindrical and less spherical by an 
encircling element, the scleral stress in 
the equatorial direction greatly in- 
creases, while in the anteroposterior 
direction the scleral stress remains rel- 
atively unchanged. As stress and 
strain are directly related, the areas of 
highest stress should also be the zones 
of greatest expansion as incremental 
volumes are added. Hence, the now 
“cylindrical” eye expands more easily 
along the radius rather than in the 
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Fig 4.—Ocular rigidity vs intraocular pressure in eyes buckled with 2.5-mm-wide No. 240 
silicone encircling bands of varying circumferences. As the buckle becomes tighter, ocular 
rigidity decreases and is more constant across a range of intraocular pressures. 
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* K indicates ocular rigidity according to the van der Werff formula. 


anteroposterior direction. 

Another reason that the buckled eye 
is more compliant concerns the nonuni- 
form distribution of stresses in a 
spherical vs a nonspherical shape. A 
buckled eye has an indentation extend- 
ing into the vitreous cavity. Here the 
intraocular pressure is no longer sim- 
ply balanced by the tension in the eye 
wall as it is when the eye is spherical. 
Rather, at the indentation, the force 
vectors of scleral tension and intraocu- 
lar pressure act together to push the 
sclera out against the indentation. 
These forces are counteracted by the 
circumferential tension induced in the 
encircling band and in the scleral su- 
tures. Furthermore, in the vicinity of 
the buckle, there is a concentration of 
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stress within the sclera because of the 
abrupt change of shape, resulting in 
greater local deformation of the sclera 
near the buckle than in regions well 
away from the encircling element. 
Such local deformations of the eye wall 
near the buckle have been observed 
during intraocular pressure altera- 
tions.” 

Johnson et al have also reported the 
reduction of ocular rigidity after scler- 
al buckling, in their study of the effects 
of No. 240 bands. Their study differs 
from ours in that they used eyes from 
donors 69 to 94 years of age up to 4 
days post mortem, while we used 14 
donor eyes from a more representative 
age group (range, 48 to 79 years) with- 
in 12 hours of patient death. Although 


they do not provide details regard- 
ing buckling height or circumference, 
Johnson et al found that buckling re- 
duces ocular rigidity fourfold. They 
attributed this reduction primarily to 
the fact that the silicone band placed 
around the eye is much more elastic 
than the sclera and reasoned that vol- 
ume expansion takes place at the in- 
dentation, which they assume to be the 
path of least resistance. 

We found that the ocular rigidity of 
eyes buckled with stainless steel bands 
was significantly reduced compared 
with that of unbuckled eyes (P<.05). 
Clearly, no volume expansion can oc- 
cur in the plane of a rigid buckle, 
directly refuting the explanation that 
buckle elasticity is the key factor in 
ocular rigidity reduction after buck- 
ling. Expansion along the encircling 
band undoubtedly does occur to some 
extent when elastic buckling elements 
are used, and this expansion contrib- 
utes to decreased rigidity. For exam- 
ple, as seen in Fig 3, at 35 mm Hg, 
unbuckled eyes had a rigidity of 
0.5 mm Hg/uL. Encirclement with a 
21.3-mm-diameter steel buckle with a 
circumference of 67 mm reduced the 
rigidity to 0.28 mm Hg/pL, a net re- 
duction of 44%. Encirclement with sili- 
cone (2.5 mm wide and 68 mm in 
circumference) instead of the steel 
band reduced the rigidity value to 
0.22 mm Hg/uL (Fig 4), representing a 
reduction in rigidity of only about 20% 
compared with the steel element. This 
underscores, in our opinion, that the 
primary factors that alter ocular rigidi- 
ty after encirclement are the change in 
overall shape of the globe and the 
change in scleral contour in the vicinity 
of the buckle. We conclude that the 
elasticity of the encircling band plays a 
secondary role. 

The reduction in ocular rigidity after 
buckling has several clinical ramifica- 
tions. For instance, the injection of a 
small volume of a vitreous replacement 
or an expanding gas into an eye that 
has undergone a previous buckling 
procedure is less likely to cause an 
excessive intraocular pressure eleva- 
tion than it would in an unbuckled eye. 
Eyes harboring gas bubbles may also 
be protected somewhat against dan- 
gerously high intraocular pressures as- 
sociated with transient increases in 
altitude (air travel, motoring over 
mountain passes) if the eyes have un- 
dergone a buckling procedure. At the 
time of surgery and immediately 
thereafter, however, several factors 
associated with encirclement, such as 
shallowing of the anterior chamber an- 
gle and choroidal congestion, may act 
to decrease the outflow facility of the 
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eye, increasing the chance of a pres- 
sure rise. After several months, how- 
ever, the effects of decreased rigidity 
are likely to dominate. For example, if 3 
a pneumatic repair of a recurrent reti- 
nal detachment” were attempted in an 
eye that had previously undergone a 
buckling procedure, the intraocular 
pressure directly after gas injection or 
during gas expansion should be much 
lower than if the eye had never under- 
gone a buckling procedure. 

A surgeon who titrates the intra- 
ocular pressure by injecting gas at the 
end of vitreoretinal surgery faces cer- 
tain risks in buckled eyes. The amount 
of volume replacement required to 
“top off” an encircled eye to achieve a 4 
given intraocular pressure may be sig- 
nificantly greater than the amount re- 
Ex 6.0 65 quired for an unbuckled eye. Accord- 
ing to our results, the rigidity values 
for buckled and unbuckled eyes may 


Fig 5.—The reduction of intraocular volume occurring when an unbuckled eye is encircled by differ by as much as a factor of 10 
2.5-mm-wide No. 240 silicone bands of different circumferences. The intraocular pressure at (Table, Figs 3 and 4). If such a 10-fold 
each point is 20 mm Hg. disparity were present, then increas- 


ing the intraocular pressure to 20 mm 
Hg from an initial pressure of 1 mm Hg 
might require 0.06 to 0.1 mL of gas in 
an unbuckled eye, while a very highly 
buckled eye would need 0.6 to 1.0 mL. 
Unfortunately, the injection of a large 
rather than a small gas volume into an 
eye with an intact vitreous body is w- 
more likely to alter the vitreous anato- 
my, produce additional vitreous trac- 
tion, and induce secondary retinal 
breaks. Furthermore, if volume re- 
placement is achieved with a pure ex- 
panding gas such as sulfur hexafluo- 
ride (SF), then the volume injected, 
unless carefully monitored, could easi- 
ly be large enough to allow dangerous 
intraocular pressure levels to develop 
during expansion. Finally, in a buckled 
oring gas, measurement of intraocular 
pressure by tactile means or by Schiotz 
tonometry will yield low estimates of 
the true intraocular pressure and <« 
should be avoided. 

The repair of a retinal detachment 
with scleral buckling has been shown 
to affect the intraocular pressure long 
after surgery has been performed. 
Friedman and Neumann” reported a 
long-term reduction in intraocular 
pressure levels measured by applana- 
tion tonometry in previously glauco- 
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Fig 6.—Top, At a given internal pressure (P), 
the axial stress (ø,) in the wall of a sphere of 
radius (r) and thickness (t) is Pr/2t in the anter- 
oposterior direction. The equatorial stress 
Taro ÎS equal to o, Bottom, In a cylindrical a 
vessel of identical radius and thickness, the 
axial stress remains Pr/2t while the equatorial 
stress has doubled to Pr/t. 
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matous eyes in which scleral buckling 
had been performed. Other investiga- 
tors have reported similar findings in 
nonglaucomatous eyes when they com- 
pared the buckled eye with the un- 
buckled fellow eye.*” While it has been 
argued that this reduction is secondary 
to decreased aqueous secretion,” re- 
duced ocular rigidity, by damping the 
effects of changing rates of aqueous 
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secretion and aqueous outflow, could 
also play a key role. We speculate that 
buckled eyes may be less susceptible to 
intraocular pressure spikes because of 
their associated reduction in ocular ri- 
gidity. This may have favorable ramifi- 
cations in glaucomatous eyes or eyes 
that are susceptible to glaucoma that 
have undergone uncomplicated scleral 
buckling surgery. 


References 


effect of scleral buckling on ocular rigidity. Oph- 
thalmology. 1990;97:190-195. 

9. Simone JN, Whitacre MM. The effect of in- 
traocular gas and fluid volumes on intraocular pres- 
sure. Ophthalmology. 1990;97:238-243. 

10. Friedenwald JS. Contribution to the theory 
and practice of tonometry. Am J Ophthalmol. 1930; 
20:985-1024. 

11. Perkins ES, Gloster J. Distensibility of the 
eye. Br J Ophthalmol. 1957;41:93-102. 

12. Macri FJ, Wanko T, Grimes PA. The elastic 
properties of the human eye. Arch Ophthalmol. 
1958;60:1021-1026. 

13. Hibbard RR, Lyon CS, Shepherd MD, 
McBain EH, McEwen WK. Immediate rigidity of 
an eye. Exp Eye Res. 1970;9:137-143. 

14. Holland MG, Madison J, Bean W. The ocular 
rigidity function. Am J Ophthalmol. 1960;50:288- 
304. 

15. McEwen WK, St Helen R. Rheology of the 
human sclera: unifying formulation of ocular rigidi- 
ty. Ophthalmologica. 1965;105:321-346. 

16. Woo SL, Kobayashi AS, Schlegel WA, Law- 
rence C. Nonlinear material properties of intact 


Currently in Other AMA Journals 


FFT: aaa a ae Dakas 
Y - n Pa < ` 


This study was supported in part by biomedical 
research support grants RR05779 and RR05416 
from the Division of Research Resources, Nation- 
al Institutes of Health, Bethesda, Md; Research 
to Prevent Blindness Inc, New York, NY; and 
The Eye and Ear Institute, University of Pitts- 
burgh (Pa). 

David P. Schmidt, MSEE, Mound, Minn, pro- 
vided valuable technical assistance. 


cornea and sclera. Exp Eye Res. 1972;14:29-39. 

17. Gere JM, Timoshenko SP. An analysis of 
stress and strain. In: Mechanics of Materials. Bel- 
mont, Calif: Wadsworth Inc; 1984:306-314. 

18. Draeger J, Guthoff R, Moeller J. Correla- 
tions between intraocular pressure and resulting 
scleral indentation after detachment surgery. Oph- 
thalmic Res. 1982;14:466-472. 

19. Friberg TR, Eller AW. Pneumatic repair of 
primary and secondary retinal detachments using a 
binocular indirect ophthalmoscope laser delivery 
system. Ophthalmology. 1988;95:187-193. 

20. Friedman Z, Neumann E. Effect of retinal 
detachment surgery on the course of preexisting 
open-angle glaucoma. Am J Ophthalmol. 1975; 
80:702-705. 

21. Burton TC, Arafat NT, Phelps CD. Intraoc- 
ular pressure in retinal detachment. Int Ophthal- 
mol. 1979;1:147-152. 

22. Araie M, Sugiura Y, Minota K, Akazawa K. 
Effects of the encircling procedure on the aqueous 
flow rate in retinal detachment eye: a fluorometric 
study. Br J Ophthalmol. 1987;71:510-515. 


Attitudes of Internal Medicine Faculty and Residents Toward Professional Interaction 
With Pharmaceutical Sales Representatives 
W. P. McKinney; D. L. Schiedermayer; N. Lurie; D. E. Simpson; J. L. Goodman; E. C. Rich 
(JAMA. 1990;264:1693) 


Low-Dose Aspirin for Migraine Prophylaxis 
J. E. Buring; R. Peto; C. H. Hennekens (JAMA. 1990;264:1711) 


Arch Ophthalmol— Vol 108, November 1990 


it ofan! & 
= . 
a EEN 


Scleral Buckling — Friberg & Fourman 


1627 






p. - 
aby 


Surgical Technique 


Whitnall’s Sling for Poor Function Ptosis 


Richard L. Anderson, MD; David R. Jordan, MD; Jonathan J. Dutton, MD, PhD 


è Severe unilateral ptosis with poor 
levator function has previously been 
treated with maximal levator muscle re- 
section or bilateral or unilateral frontalis 
suspension. One of us (R.L.A.) has devel- 
oped a technique called “Whitnall’s 
sling,” where only the levator aponeuro- 
sis is resected, preserving Whitnall’s lig- 
ament and its attachments. Whitnall’s 
ligament and the underlying resected le- 
vator muscle are sutured to the superior 
portion of the tarsal plate. This surgery 
preserves levator muscle, Miller’s mus- 
cle, and Whitnall’s ligament without alter- 
ing the structures that produce the three- 
layer tear film. In 69 eyelids operated on 
between July 1976 and July 1986, in 
which a minimum of 1 year of follow-up 
by one of us was obtained, results have 
been satisfactory and directly related to 
levator function. We believe this tech- 
nique to be anatomically and physiologi- 
cally superior to “maximal levator resec- 
tion” with similar long-term results. More 
recent results have shown that the addi- 
tion of a 5-mm superior tarsectomy pro- 
vides an additional elevation of 1 to 
1.5 mm. Whitnall’s sling is best suited for 
cases where the opposite fissure height 
is 9 mm or less and levator function of 
the ptotic eyelid is 3 to 5 mm. 

(Arch Ophthalmol. 1990;108:1628- 
1632) 


Tre surgical approach to congenital 
ptosis is generally based on the 
amount of levator function.’ Patients 
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with congenital ptosis have been gross- 
ly divided into three groups based on 
levator function: (1) those with poor 
levator function of 4 mm or less, (2) 
those with fair levator function of 5 to 
7 mm, and (3) those with good levator 
function greater than 8 mm. 

Fascia lata slings’ have been primar- 
ily used for the permanent surgical 
correction of congenital ptosis with 
poor levator function (0 to 4 mm). 
Levator resections’ and levator apo- 
neurotic advancements*’ have been 
performed in cases with fair (5 to 
7 mm) or good (=8 mm) functien. 

For cases of severe unilateral con- 
genital ptosis with poor levator func- 
tion, the decision as to the type of 
surgery that should be performed is 
problematic. Beard’* advocates the re- 
moval of the normal levator muscle in 
the opposite eyelid, thereby convert- 
ing the case to one of severe bilateral 
ptosis, and then performing bilateral 
frontalis suspension to obtain symme- 
try. Callahan’ suggested the use of 
bilateral slings (while leaving the nor- 
mal levator muscle intact) so the nor- 
mal eyelid does not move down on 
down gaze, thus making the lids more 
symmetrical. Some authors have per- 
formed unilateral brow suspensions on 
the ptotic lid,” while others have advo- 
cated super maximum (=30 mm) leva- 
tor muscle resection.’ Whitnall’s sling 
technique provides another alterna- 
tive. 

As an extension of the aponeurotic 
approach to ptosis surgery,” * one of 
us (R.L.A.) has developed a technique 
for the correction of poor function uni- 
lateral (rarely bilateral) congenital pto- 
sis utilizing Whitnall’s ligament to help 
support the ptotic eyelid. This method 
is best suited for those cases with 
levator function ranging from 3 to 5 
mm. We advocate a frontalis sling pro- 
cedure if levator function is less than 3 
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mm; standard aponeurotic surgery is 
usually effective if levator function is 
greater than 5 mm.**" 

The rationale behind this procedure 
is based on a sound knowledge of leva- 
tor anatomy. Whitnall’s ligament was 
originally described as a check liga- 
ment for the levator,” but more recent 
work by Anderson and Dixon” and 
Doxanas and Anderson” has indicated 
that Whitnall’s ligament has many im- 
portant functions in ptosis surgery, 
including (1) a superior suspensory lig- 
ament of the eyelid and orbit, (2) a 
pulleylike effect for levator action, (3) 
a landmark as the most superior extent 
of the aponeurosis, and (4) a support 
for the lacrimal gland. 

Whitnall’s ligament is not a check 
ligament for the levator. Overaction of 
the levator in the normal state is not 
induced by cutting Whitnall’s liga- 
ment, and an intact Whitnall’s liga- 


ment does not prevent lid retraction in . 


such conditions as thyroid eye disease. 
Herniation of the lacrimal gland and 
ptosis (greater temporally than medi- 
ally) are commonly associated with 
congenital ptosis. These problems are 
compounded by cutting Whitnall’s liga- 
ment, as support for the lacrimal gland 
and temporal eyelid are lost. In addi- 
tion, standard maximum levator resec- 
tions may damage or remove lacrimal 
glands, accessory lacrimal glands, gob- 
let cells, and meibomian glands, which 
produced the three-layer tear film. 
The maintainence of a normal tear film 
is especially important in poor function 
ptosis cases, where a large amount of 
postoperative lid lag and lagophthal- 
mos are expected. 

In Whitnall’s sling procedure, the 
levator aponeurosis is completely re- 
moved up to Whitnall’s ligament, and 
Whitnall’s ligament and the underlying 
levator “muscle” are sutured to the 
superior portion of the tarsal plate. If 
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the suturing of Whitnall’s ligament to 
the tarsus does not provide an effec- 
tive lid elevation, a superior tarsec- 
tomy may be necessary to obtain ade- 
quate lid height in some cases. 


SURGICAL TECHNIQUE 


Because most patients who require Whit- 
nall’s sling are in the pediatric age group (as 
is our patient illustrated in Fig 1), general 
anesthesia is usually required, but we pre- 
fer local anesthesia in cases involving older 
patients because it allows lid height, con- 
tour, and symmetry to be adjusted with 
patient cooperation. 

After topical anesthesia is applied to the 
cornea, the subcutaneous tissues that un- 
derlie the marked crease are infiltrated 
with 1.0 to 2.0 mL of 2.0% lidocaine hydro- 
chloride with 1:200000 epinephrine hydro- 
chloride. A 4-0 double-armed silk traction 
suture is inserted in the margin of the 
upper lid and secured to the drape below 
with a hemostat. This traction suture puts 
tension on the lid structures posterior to 
the orbicularis muscle, while allowing re- 
dundant anterior lid structures (skin and 
orbicularis) to be mobilized. The skin is 
incised with a scalpel. The skin and under- 
lying orbicularis are then tented anteriorly, 
and a snip is made centrally through the full 
thickness of the orbicularis muscle with 
Wescott scissors. 

It is important to make a full-thickness 
incision of the orbicularis muscle to avoid 
unnecessary bleeding from multiple orbicu- 
laris muscle cuts and to place the surgeon at 
the avascular posterior orbicular fascial 
plane. One blade of a Wescott scissors is 
then passed bluntly in the posterior orbicu- 
lar fascial plane both medially and laterally, 
and the incision is completed. The postorbi- 
cular fascia is recognized as a delicate layer 
at the most posterior extent of the orbicu- 
laris and overlying the aponeurosis. In this 
fascial plane runs the vertically oriented 
peripheral facial nerve fibers." Superior 
traction on the superior edge of the incision 
with a Desmarres retractor or forceps ex- 
poses the orbital septum. In congenital 
ptosis, the orbital septum is more dense and 
adherent to the levator aponeurosis than in 
acquired ptosis. A horizontal snip with scis- 
sors is used to “buttonhole” the orbital 
septum above its fusion with the aponeuro- 
sis (Fig 2), allowing preaponeurotic fat to 
herniate into the buttonhole with its capsule 
intact. The entire orbital septum is opened 
by placing one blade of the scissors behind 
the orbital septum and extending the inci- 
sion medially and laterally. 

These maneuvers are important to identi- 
fy the preaponeurotic fat pad (Fig 3) and to 
avoid making iatrogenic defects in the apo- 
neurosis. The pre-aponeurotic fat pad is the 
key anatomic landmark in aponeurotic pto- 
sis surgery. The white glistening structure 
immediately posterior to the fat pad is the 
levator aponeurosis. 

By elevating the preaponeurotic fat pad 
and gently separating the fine attachments 
of the fat pad to levator, Whitnall’s liga- 
ment can be identified at the superior limit 
of the aponeurosis. The upper portion of the 
pretarsal orbicularis is undermined, thus 
baring the superior aspect of the anterior 
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Fig 1.—Top, Preoperative photograph of a 6-year-old girl with severe (4 mm) ptosis of the left 
eye. Bottom, Same patient in upgaze position demonstrating only 3 mm of levator function. 


Fig 2.—Scissors are used in a perpendicular 
fashion to open the postorbicular facial plane 
via a vertical snip. The skin and orbicularis 
muscle are tented anteriorly from deeper 
structures to facilitate this important vertical 
snip. 


surface of tarsus. 

The local anesthetic solution is then in- 
jected into the plane between aponeurosis 
and Miiller’s muscle to balloon the aponeu- 
rosis away from Miiller’s muscle. The apo- 
neurosis is buttonholed in its midposition 
immediately below Whitnall’s ligament. 
The aponeurosis is then transected immedi- 
ately below Whitnall’s ligament by placing 
one blade of the Wescott scissors behind it 
and extending the incision medially and 
laterally (Fig 4). The aponeurosis is meticu- 
lously dissected away from the underlying 
Miiller’s muscle and more inferiorly from 
the anterior surface of the tarsal plate (Fig 
5). By careful dissection, it is possible to 
avoid injury to the underlying Miiller’s mus- 
cle and its vascular peripheral arcade. The 
aponeurosis is resected inferiorly on the 
anterior surface of the tarsus and dis- 
carded. 








Fig 3.—The orbital septum has been opened 
and is held with forceps. The prolapsing pre- 
aponeurotic fat underlying the orbital septum 
is a key landmark. The levator aponeurosis is 
seen posterior to the orbital fat. 


Whitnall’s ligament and the underlying 
fibrofatty “levator muscle” are sutured onto 
the anterior surface of the superior one 
third of the tarsal plate with the use of 
interrupted sutures (Fig 6). The first stitch 
is placed just medial to the pupil (the high- 
est point of the normal eyelid) or to match 
the highest point of contour of the opposite 
eyelid. We generally use a 5-0 polyglactin 
910 suture on a spatula needle (Fig 7). 
Several permanent sutures may also be 
used. A spatula needle facilitates a partial- 
thickness tarsal pass. Full-thickness tarsal 
sutures must be avoided to prevent buck- 
ling of the tarsal plate and irritating the 
cornea. Following the central suture place- 
ment, medial and lateral sutures are placed 
to adjust eyelid height and contour. If 
Whitnall’s ligament is advanced too low on 
the tarsal plate, eversion of the eyelid may 
occur. 
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Fig 4.—The levator aponeurosis is tran- 
sected immediately below Whitnall’s liga- 
ment with Wescott scissors. The levator apo- 
neurosis is held with forceps, and Muller's 
muscle is seen underlying the aponeurosis. 





Fig 5.— The aponeurosis is bluntly and sharp- 
ly dissected away from the underlying 
Müllers muscle. This dissection is carried in- 
feriorly to the anterior surface of the tarsal 
plate, and then the aponeurosis is completely 
excised. The peripheral arcade in Müller's 
muscle is seen at the superior edge of the 
tarsus. Meticulous dissection is required to 
avoid injury to the vascular Müllers muscle 
and the palpebral lobe of the lacrimal gland 
seen temporally under the Desmarres 
retractor. 








Fig 6.—Forceps are shown grasping Whit- 
nall’s ligament. The fibrofatty “levator muscle” 
is seen above this ligament. 





to the tarsus with a 5-0 polyglactin 910 suture. 
A 5-0 permanent suture is used to induce 
further internal sling effect by tucking the fi- 
brofatty levator muscle above Whitnall’ liga- 
ment to this ligament and tarsal plate in this 
patient with poor function ptosis. 


Fig 8.—Top, Patient 10 days after surgery with the desired amount of overcorrection. Bottom, 
Same patient 1 year postoperatively with good symmetry in primary position. 
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Residual temporal ptosis is common fol- 
lowing most poor function ptosis proce- 
dures. Therefore, we try to obtain full 
correction in this area to avoid a temporal 
droop, which may require the repositioning 
of a prolapsed lacrimal gland. 

A well-developed Whitnall’s ligament, a 
fully elevated and well-contoured upper 
eyelid, and resistance of the eyelid to inferi- 
or traction after suture placement are in- 
traoperative predictors of a good postopera- 
tive result. A maximum resection of the 
aponeurosis is always performed. One must 
be careful not to incorporate undistensible 
structures, such as the orbital septum or 
arcus marginalis, but should strive to in- 
duce as much internal sling effect as possi- 
ble in the eyelid. The goal is maximum 
obtainable lid height with good contour and 
apposition to the globe (similar to frontalis 
suspension). Only rarely is there an indica- 
tion for this technique in bilateral cases. We 
prefer bilateral frontalis suspension in bilat- 
eral poor function ptosis as the procedure of 
choice. 

If inadequate eyelid elevation is obtained 
by the suture placement discussed above, a 
bit more posterior in the orbit of the fibro- 
fatty levator “muscle” is taken. A perma- 
nent suture on a spatula needle is used, 
which is then passed through Whitnall’s 
ligament and the tarsus. The skin incision is 
closed with interrupted 6-0 plain gut su- 
tures, with deep bites to advanced Whit- 
nall’s ligament or tarsal plate to form a deep 
lid crease in poor function ptosis cases. This 
allows skin to adhere to deep tissues and 
results in a good crease (Fig 8). 


SUBJECTS AND METHODS 


We performed a retrospective study of all 
patients who underwent Whitnall’s sling 
procedure during a 10-year period (1976 to 
1986) on the oculoplastic services at two 
institutions (the University of Iowa, Iowa 
City, and the University of Utah School of 
Medicine, Salt Lake City) in the practice of 
one of us (R.L.A.). Only cases with a 
minimum l-year follow-up by one of us 
(R.L.A.) were included in this study. Sixty- 
four unselected patients (59 unilateral cases 
and five bilateral cases) with 69 ptotic eye- 
lids qualified for the study. Twenty-two 
additional patients who had not been fol- 
lowed up for at least 1 year (due to the 
relocation of R.L.A. from Iowa to Utah and 
the long travel distance for the referral 
population) were excluded from the study. 

Patients were divided into three groups, 
depending on the amount of preoperative 
levator function. Patients with 0 to 2 mm of 
levator function were considered to have no 
levator function (group 1), those with 3 to 
4 mm of levator function were considered to 
have poor function (group 2), and those 
with 5 mm of function were considered to 
have fair function (group 3). Seven eyelids 
with levator function of less than 3 mm (no 
function) composed group 1, 41 eyelids with 
levator function of 3 to 4 mm (poor function) 
were placed in group 2, and 21 eyelids with 
5 mm of levator function (fair function) 
made up group 3. The majority of patients 
were in the pediatric age group, with 87% 
being less than 10 years of age. The youn- 
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Table 1.—Comparison of Ptosis at 1 Week and 1 Year After Unilateral Whitnall’s Sling Surgery * 


Amount of 
Preoperative 
Ptosis, mm 


3.0-7.0 (4.5) 
2.5-6.0 (3.9) 
2.0-5.5 (3.3) 
*Values in parentheses indicate the means. 





gest patient was 20 months old and the 
oldest was 48 years old. The ptosis was 
congenital in 58 patients; of the remaining 
patients, two had a chronic progressive 
external ophthalmoplegia syndrome (bilat- 
eral in each case), two had a unilateral 
ptosis secondary to trauma, one patient had 
an associated double-elevator palsy, and 
one had ptosis secondary to a palsy of 
cranial nerve III. 


RESULTS 


Fissure height was measured preop- 
eratively, and at 1 week and 1 year 
after surgery. The average levator 
function present in seven eyelids in 
group 1 was 2.0 mm (range, 1.0 to 2.5 
mm). Levator function in 41 eyelids in 
group 2 was 3.5 mm (range, 3.0 to 4.5 
mm). Twenty-one eyelids in group 3 
had an average levator function of 5.4 
mm (range, 5.0 to 5.5 mm). 

The amount of upper eyelid eleva- 
tion (over the preoperative state) was 
carefully measured at 1 week and 1 
year after surgery. In group 1, the 
average lid elevation was 3.2 mm at 1 
week postoperatively and 1.8 mm at 1 
year after surgery; thus, group 1 pa- 
tients experienced an average fall of 
1.4 mm during the year after surgery. 
In group 2, the amount of lid elevation 
was 3.1 mm at 1 week postoperatively 
and 2.4 mm at 1 year after surgery; 
therefore, group 2 patients experi- 
enced an average fall of 0.7 mm in 
eyelid height. In group 3, the amount 
of lid elevation was 3.1 mm at 1 week 
postoperatively and 2.6 mm at 1 year 
after surgery, for an average fall of 0.5 
mm. These findings are summarized in 
Table 1. 

These data correspond to our clinical 
observations that eyelid height falls in 
all ptosis cases with reduced function. 
As expected, a late fall of the eyelid 
height was most evident in group 1 but 
also occurred in groups 2 and 3. Our 
data show an inverse relationship be- 
tween levator function and the amount 
of fall in postoperative lid height. The 
amount of late postoperative fall is 
underestimated, as many patients had 
considerable swelling at 1 week post- 
operatively, resulting in a lower eyelid 
height. Some early improvement in lid 
height with resolution of swelling oc- 
curred in these patients. The levator 
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Preoperative 
Levator 
Function, mm 


Reduction in 
Ptosis at 1 wk 
Postoperatively, mm 


2.0-5.0 (3.2) 
0.0-5.0 (3.1) 
1.0-5.0 (3.1) 


function was generally unchanged by 
our surgery. 

Other factors influenced the amount 
of postoperative fall in lid height. If 
Whitnall’s ligament was well devel- 
oped, the lid was less likely to fall. 
Conversely, if Whitnall’s ligament was 
poorly developed, the lid was not only 
more difficult to elevate at surgery but 
also more likely to fall. If the lid was 
easily elevated at surgery and had 
good resistance to inferior traction, it 
was less likely to fall. All lids required 
an early overcorrection in height to 
obtain a satisfactory late result. 

Results were inversely related to 
the preoperative contralateral lid 
height (ie, the results were better 
when the contralateral lid was rela- 
tively low). If, for instance, the fis- 
sures measured 11 mm on one side and 
6 mm on the other before surgery, it 
was virtually impossible to provide 
enough support to match a lid height of 
11 mm. If the preoperative lid heights 
were 8 mm and 3 mm (still a difference 
of 5 mm), however, the chance of ob- 
taining an adequate result was much 
better. Contralateral lid heights of 
9 mm or less are best suited to this 
operation. 

The postoperative improvement in 
symmetry was not only due to eleva- 
tion of the ptotic lid. In patients with 
ptosis without amblyopia, Hering’s law 
influences the contralateral lid height. 
A patient uses maximum energy to 
raise a ptotic eyelid to clear the pupil, 
leading to elevation of the contralater- 
al eyelid, as equal central innervation 
is provided to both upper eyelids. Af- 
ter surgery, less energy is required to 
elevate the ptotic lid; thus, the contra- 
lateral lid is lowered. In some patients, 
this resulted in as much as a 2-mm 
difference in the postoperative height 
of the contralateral lid. For example, a 
patient’s fissures that measured 10 and 
5 mm preoperatively might measure 8 
mm and 7 mm postoperatively. While 
the ptotic lid was raised only 2 mm, the 
amount of ptosis was reduced by 4 
mm. Dryden and Wulc” have de- 
scribed levator recession in the contra- 
lateral lid of patients with poor func- 
tion ptosis. While this technique was 
not performed in our study patients, it 


Reduction in 
Ptosis at 1 y 
Postoperatively, mm 


1.0-2.5 (1.8) 
0.0-5.0 (2.4) 
1.0-4.0 (2.6) 


Average Fall From 
Iwktotly 
After Surgery, mm 





may be indicated in patients with con- 
tralateral fissure heights greater than 
9 mm and in patients with undercor- 
rections. Symmetrical fissures are 
much more important than are abso- 
lute heights. 

Some patients with poor function 
unilateral ptosis also have amblyopia 
on the ptotic side.” In these patients, 
Herings law is not applicable. A 
marked poor function ptosis with am- 
blyopia is virtually impossible to cor- 
rect by any unilateral surgery. In 
these patients, a bilateral frontalis sus- 
pension with extirpation of the normal 
levator is usually required. 

The fissure height measurement in 
poor function ptosis is dependent on 
head position. Lid lag in down gaze is 
present preoperatively in poor func- 
tion congenital ptosis and is increased 
by ptosis surgery. All of our patients 
had their measurements and pictures 
taken in forced primary head position 
to compare preoperative and postoper- 
ative results. 

The result was judged to be good if 
postoperative lid height was within 1 
mm of the opposite lid and contour was 
acceptable, satisfactory if accepted by 
the patient or family (height within 2 
mm and an acceptable appearance), 
and poor if reoperation was required or 
suggested (Table 2). 

We have noted in many cases that 
longer follow-up leads to further fall 
and subsequent reoperations. This is 
true for any levator-related surgery in 
cases of poor function ptosis. Ideally, a 
10-year follow-up would be best to 
corroborate the data presented herein. 

The major postoperative complica- 
tion, besides undercorrection, was cor- 
neal exposure, which was successfully 
treated with lubricants. There was 
only one case in which the lid had to be 
surgically lowered to correct chronic 
exposure problems. Other complica- 
tions noted were poor lid contour, poor 
lid crease, and conjunctival prolapse. 

During the course of the minimum 1- 
year follow-up, 20 eyelids fell into the 
unsatisfactory group, and a second 
surgery was suggested (Table 2). With 
more extended follow-up, an increase 
in the number of reoperations would be 
noted. Because some of our patients 
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Group 1 









*Values represent number (percent) of patients. Group 1 included patients with less than 3.0 mm of preop- 


Table 2.—Results* 


Group 2 Group 3 
a. ee ——— OO 
Resultt At 1 wk Atiy At 1 wk Atiy At 1 wk Atly 
Satisfactory 2 (29) 3 (43) 8 (20) 14 (34) 4 (19) 7 (33) 
Totals 7 (100) 7 (100) 41 (100) 41 (100) 21 (100) 21 (100) 








erative levator function; group 2, those with 3.0 to 4.5 mm; and group 3, those with 5.0 to 5.5 mm. 


+Good results indicates lid heights within 1 mm of each other; satisfactory, patient and surgeon acceptance 


of lid heights (<2 mm difference in height); and poor, additional surgery suggested or performed. 


could not be followed up beyond 1 
year, it is impossible to determine the 
exact number of late reoperations or 
slings. We are aware, however, of an 
additional five patients in this study 
group who required bilateral fascia 
lata slings. Thus, of the initial 69 eye- 
lids operated on, at least 25 (36%) had 
unsatisfactory results, and additional 
surgery was suggested or performed. 
This figure is probably a conservative 
estimate of poor results after years of 
follow-up. Results are shown in Table 
2. 

Another surgeon has noted favor- 
able short-term results in a limited 
number of cases with this tech- 
nique,” and other surgeons have 
noted the potential benefit of trying to 
incorporate Whitnall’s ligament with 
an anterior levator resection. ”” 

Following our results in this study 
that demonstrate a preponderance of 
undercorrections, we now combine a 
superior tarsectomy with Whitnall’s 
sling to elevate further the lid in many 


1. Beard C. Ptosis. 2nd ed. St Louis, Mo: CV 
Mosby Co; 1976:18-22. 

2. Derby GS. Correction of ptosis by fascia lata 
hammock. Am J Ophthalmol. 1928;11:352-354. 

3. Berke RN. Resection of the levator palpebrae 
muscle for ptosis. Arch Ophthalmol. 1945;33:269- 
280. 

4. Eversbusch O. Zur Operation der congenita- 
len Blepharoptosis. Klin Monatsbl Augenheilkd. 
1883;21:100-107. 

5. Jones LT, Quickert MH, Wobig JL. The cure 
of ptosis by aponeurotic repair. Arch Ophthalmol. 
1975;93:629-634. 

6. Harris WA, Dortzbach RK. Levator tuck: a 
simplified blepharoptosis procedure. Ann Ophthal- 
mol. 1975;7:873-878. 

7. Anderson RL, Dixon R. Aponeurotic ptosis 
surgery. Arch Ophthalmol. 1979;97:1123-1128. 

8. Beard C. A new treatment for severe unilat- 
eral congenital ptosis and for ptosis with jaw-wink- 
ing. Am J Ophthalmol. 1965;59:252-258. 

9. Callahan A. Correction of unilateral blephar- 
optosis with bilateral eyelid suspension. Am J 
Ophthalmol. 1972;74:321-326. 


cases. An additional 1 to 1.5 mm of lid 
elevation can be obtained from a 5-mm 
superior tarsectomy. If inadequate ele- 
vation is obvious at the time of sur- 
gery, in cases of postoperative under- 
correction where unilateral surgery is 
still advised and in cases with only 3 to 
4 mm of levator function, a superior 
tarsectomy is usually combined with 
Whitnall’s sling. Only the superior tar- 
sal plate is removed. The conjunctiva 
immediately superior to the tarsal 
plate is rich with goblet cells and ac- 
cessory lacrimal glands and should be 
carefully maintained. Unfortunately, 
the eyelid elevation from a superior 
tarsectomy is at the expense of in- 
creased lagophthalmos and a presumed 
decrease in meibomian gland function. 


COMMENT 


Many forms of ptosis surgery have 
been described. Any eyelid can be 
elevated, but at what cost? The sacri- 
fice of protective and tear-producing 
structures, function, and normal eyelid 
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anatomy should be avoided whenever 
possible. The cornea must be protect- 
ed, vision preserved, and complica- 
tions maintained to a minimum. Proce- 
dures should be reversible. 

Ptosis cases with good levator func- 
tion should obtain good results with 
almost any well-performed proce- 
dures. Good results, if judged by the 
same criteria, are virtually never 
achieved in poor function ptosis cases. 
Some degree of undercorrection is fre- 
quently unavoidable. Full corrections 
cannot be obtained in many cases and 
cannot be tolerated in others. These 
factors must be taken into consider- 
ation when the results of poor function 
ptosis surgery are judged. 

Our study results suggest that a 
frontalis suspension should be used in 
ptosis cases with levator function of 
less than 3 mm and in Whitnall’s sling 
failures. A combined superior tarsec- 
tomy may be necessary to obtain ade- 
quate lid height in cases with 3 to 4 mm 
of levator function. Those ptosis cases 
with more than 5 mm of function 
should be treated by standard aponeu- 
rotic advancement and resection pro- 
cedures. We believe that unilateral 
ptosis cases with 3 to 5 mm of levator 
function and contralateral fissure 
heights of 9 mm or less are best treat- 
ed with Whitnall’s sling procedure. 
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Photo Essay 


Edited by Malcolm N. Luxenberg, MD 


The Blepharochalasis Syndrome 





Left, Patient with bilateral ptosis. The lower 
left lid was uninvolved with the recurrent ede- 
ma episodes. Right, Close-up photograph il- 
lustrating atrophy of nasal fat pad and overly- 
ing pseudoepicanthal fold (arrow). The 
characteristic thin, finely wrinkled skin is 
clearly seen. 


10-year-old boy sought consultation for 
bilateral ptosis (Figure, left) His histo- 
ry revealed recurrent swelling of both up- 
per eyelids and the lower right eyelid dur- 
ing the past 8 years. The swelling would 
start spontaneously on awakening in the 
morning, would be partially relieved with 
ice, and would last 2 to 4 days. Extensive 
allergy investigations were done over the 
years and always showed negative results. 
On examination, the patient had bilateral 
ptosis with fissures of 5 mm bilaterally, 
excellent levator function (15 mm), and high 
lid creases consistent with a levator dehis- 
cence. The upper eyelid skin was very thin, 
wrinkled, and had a brown discoloration. 
Atrophy of the nasal fat pads were noted 
with prominent pseudoepicanthal folds 
(Figure, right). The lower right lid was 
quite lax. The lower left lid was normal and 
the remaining eye examination results were 
normal. A diagnosis of blepharochalasis 
syndrome was made. 


COMMENT 


Blepharochalasis syndrome is an uncom- 
mon eyelid disorder manifested by recur- 
rent episodes of edema to unknown precipi- 
tating factors. Dermatochalasis, a much 
more prevalent condition, is the term used 
to refer to the excessive skin on the eyelid 
of the aging individual.’ Blepharochalasis 
syndrome affects both sexes equally and is 
a disease of young people, often having its 
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onset before age 20 years.” The patient 
may have unilateral or bilateral involve- 
ment. With repeated episodes of edema, the 
eyelid skin becomes thin and wrinkled. A 
peculiar bronze discoloration of the skin 
occurs.” The orbital septum becomes 
weak, allowing early fat pad prolapse. With 
time, it is not unusual to see the fat pads 
atrophy, giving rise to a sunken or hollow 
appearance, especially medially with the 
formation of a pseudoepicanthal fold.*” Lac- 
rimal gland prolapse is not uncommon, as 
well as disinsertion of the lateral canthal 
tendons, giving rise to a rounded canthus 
and shortened lid fissure.” 


DAVID R. JORDAN, MD 
Ottawa, Ontario, Canada 
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VISCOAT viscoelastic 
solution minimizes the 
incidence of viscoelastic 
escape during extraction, 
irrigation, aspiration, or 
manipulation 


Unsurpassed endothelial protection 

If your viscoelastic is easily removed at the end of your 
procedure, then chances are it is easily removed during your 
procedure, just when you need it most. A viscoelastic cannot 
offer protection if it’s not in the eye. VISCOAT is designed to 
resist displacement throughout the entire ECCE procedure, 
providing you with unsurpassed endothelial protection.* 


More than space maintenance 


Because VISCOAT has the ability to resist displacement, it goes 
far beyond merely maintaining space. VISCOAT can be used 

as a tool during ECCE surgery. It has been shown to be an 
excellent adjunct in facilitating capsulorhexis capsulotomy and & 
acts as a capsular bandage in the event of a capsular tear. 

*Glasser DB, Katz HR, Boyd JE, et al. Protective effects of viscous solutions 


in phacoemulsification and traumatic lens implantation. Arch Ophthalmol. 1989; 
107:1047-1051. 





Less need to refill the anterior chamber 


Because VISCOAT remains on the corneal endothelium 
throughout the procedure, there is less need to refill the 
anterior chamber prior to IOL implantation to reestablish 
endothelial protection. This results in less viscoelastic used and 
less viscoelastic to be removed at the end of the procedure. 


To find out how you can have a great extraction without a 
great escape, contact your Alcon Surgical Territory Manager or 
call 1-800-TO ALCON (1-800-862-5266). 


VISCOAT 


(chondroitin sulfate-sodium hyaluronate) 


@ 


Viscoelastic Solution __ carat, 





(chondroitin sulfate-sodium hyaluronate) 
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Alcon Surgical, Inc., 6201 South Freeway, 
Fort Worth, TX 76134 

© Copyright, Alcon Surgical, Inc., 1990 
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Please see next page for summary of 
VISCOAT product information. 


Alcon 


SURGICAL 


Innovation 
Without 
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VISCOAT’ 


(sodium chondroitin sulfate-sodium hyaluronate) 
VISCOELASTIC SOLUTION 


Summary of Product Information 


INDICATIONS: VISCOAT® is indicated for use 
as a surgical aid in anterior segment procedures 
including cataract extraction and intraocular lens 
implantation. VISCOAT® maintains a deep cham- 
ber during anterior segment surgeries, enhances 
visualization during the surgical procedure, and 
protects the corneal endothelium and other ocular 
tissues. The viscoelasticity of the solution maintains 
the normal position of the vitreous face, thus pre- 
venting formation of a postoperative flat chamber. 


CONTRAINDICATIONS: At the present time, 
there are no known contraindications to the use 
of VISCOAT® when used as recommended. 


PRECAUTIONS: Precautions are limited to 
those normally associated with the surgical pro- 
cedure being performed. Although sodium 
hyaluronate and sodium chondroitin sulfate are 
highly purified biological polymers, the physician 
should be aware of the potential allergic risks 
inherent in the use of any biological material. 


ADVERSE REACTIONS: VISCOAT® visco- 
elastic solution has been extremely well tolerated 
in human and animal studies. A transient rise 
in intraocular pressure may be expected due to 
the presence of sodium hyaluronate, which has 
been shown to effect such a rise (9.8% >25 mmHg 
during 1-3 days after surgery in human clinical 
trials). 


HOW SUPPLIED: VISCOAT*® is a sterile, non- 
pyrogenic, 0.50 ml, viscoelastic preparation sup- 
plied in a disposable syringe (encased in a plastic 
sheath with a threaded luer tip). A sterile 27- 
gauge, disposable blunt-tip cannula is provided 
separately. 


FOR INTRAOCULAR USE. 

Both VISCOAT® and cannula are for single 
use only. 

Store Between 2°-8°C(36°-46°F). Do Not Freeze. 


CAUTION: Federal law restricts this device to 
sale by, or on the order of, a licensed physician. 


Alcon Surgical, Inc. 
Fort Worth, Texas 76134 


Revised February 1989 


Alcon 
SURGICAL 


Alcon Surgical Inc., 6201 South Freeway, 
Fort Worth, TX 76134, 1-800-654-6243 


11-89 














“Shird-party 
reimbursement 
and office 

productivity... 


What you 
don’t know 
can hurt you. 


To run an efficient practice, 
you need a staff that can take 
good care of patients and 
business. The AMA offers help 
with a series of workshops for 
you and your staff. 


Insurance Processing and 
Coding explores Medicare and 
other third-party payers and 
ways to get full, prompt pay- 
ment. Introduces ICD-9 and 
CPT-4 coding systems. 


ICD-9 Coding for Doctors’ 
Offices unlocks the complex- 
ities of ICD-9 coding and 
opens the door to faster 
Medicare claims processing 
and payment. 


Advanced CPT-4 Coding 
explores the challenges of 
CPT- 4 coding and the most 
common coding errors. 


The Business Side of Medicine 
provides systems and pro- 
cedures for improving the 
management and operation of 
a medical practice. 


Medical Collections 
Management covers 
collections policies 
and procedures — 
what works and what 
doesn't. 





Call 


1-800-366-6968 


for the workshop location 
nearest you. 





Continuing Medical Education 


Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities for 
inclusion in the list free of charge. Listings will be published for 3 consecutive months and 
should be received at least 5 months prior to date of course, eg, for a June course by Jan 
1 to be included in the March, April, and May issues. A course held between the first and 
14th days, inclusively, will appear in the preceding month’s issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers, Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Anne Meltzer, Archives of Ophthalmology, CME, 
600 N Wolfe St, Baltimore, MD 21205. Readers are encouraged to contact the accredited 
sponsor for more detailed information. 


ARIZONA CALIFORNIA 


Adv Vitrectomy Workshop At: Los Angeles Dates: 
1/11/91 to 1/12/91 Hrs Instr: 16 Reg Fee: $500 
Contact: Gretchen Falvo, Dir of Academic 
Prgms, Jules Stein Eye Inst, 100 Stein Plaza, 
UCLA, Los Angeles, CA 90024-7000; (213) 825- 
4617 


17th Ann Frontiers in Ophthalmol At: Scottsdale 
Dates: 2/21/91 to 2/23/91 Reg Fee: $375 Con- 
tact: Christine Campbell, Mtg Planner, Fron- 
tiers in Ophthalmol, 1419 E. Divot Dr, Tempe, 
AZ 85283; (602) 820-7027 


7TH ANNUAL LIVE OPHTHALMIC PLASTIC 
SURGERY WORKSHOP 


MASTERS OF OPHTHALMIC 
PLASTIC SURGERY 


March 1 - 2, 1991 
CURRICULUM: This course will cover major topics in 


ophthalmic plastic surgery and will be informally taught by 
lecture and live surgery. They include: orbital and lacrimal 
surgery; blepharoplasty; ptosis surgery; ectropion and 
entropion correction; cryosurgery; enucleation and socket 
surgery; thyroid eyelid malposition, dermis-fat grafting. 
Participants are allowed free access to OR’s, teaching 
classrooms and simulcast video. 

COURSE DIRECTORS: Richard Lisman, M.D., 


Rene Rodriguez-Sains, M.D., Murray Meltzer, M.D., 
Byron Smith, M.D. 


INVITED SURGEONS: Richard L. Anderson, M.D., 
Charles R. Leone, Jr., M.D., Orkan G. Stasior, M.D. 


STAFF SURGEONS: Steven Bosniak, M.D., 
Albert Hornblass, M.D., Hamson Sisler, M.D. 


INSTRUCTORS: B. Arthurs, N. Barna, E. Bedrossian, 
S. Gilbard, K. Hyde, D. MacDonald, E. Maher, 
J. Nassif, P. Silverstone, G. Stasior 
& E 
LIMITED REGISTRATION 
CME CATEGORY I ACCREDITATION 


For further information contact: | Bean maiia A | 
Kimberly Corbin, Course Coordinator OPHTHALMOLOGY 
Department of Ophthalmology 
Manhattan Eye, Ear & Throat Hospital 
210 East 64th Street, New York, NY 10021 
(212) 605-3761 Fax: (212) 753-7699 
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Guest of Honor: 


Guest Speaker: 


60th Ann Mid-Winter Ophthalmol Clin Conf At: 
Los Angeles Dates: 2/8/91 to 2/10/91 Hrs Instr: 
up to 15 Reg Fee: $295 for practicing physicians 
before 1/1/91, $350 after 1/1/91; $160 for resi- 
dent phys & retired phys Sponsor: Res Study 
Club of Los Angeles Contact: Ms Louise Ball, 
Exec Secy, PO Box 1216, Murrieta, CA 92362; 
(714) 677-4482 


Ophthalmol Cont Educ Prgms 1989-1990 At: Los 
Angeles Dates: throughout 1990 Sponsor: Jules 
Stein Eye Inst and Dept of Ophthalmol, UCLA 
Sch of Med Contact: Gretchen Falvo, Dir, Ac- 
ademic Prgms; (213) 825-4617 


Pacific Coast Oto-Ophthalmol Soc 75th Ann Mtg 
At: Monterey Dates: 6/15/91 to 6/19/91 Con- 
tact: Mireya Jones, PCOOS Manager, 115 W 
California Blvd, Suite 405, Pasadena, CA 91105; 
(818) 564-8114 


10th Ann Squaw Valley Retina Symp At: Olympic 
Valley Dates: 2/3/91 to 2/7/91 Hrs Instr: 16 
Sponsor: Sacramento Retina Soc Contact: 
Mercy Gen Hosp, Community Relations, 4001 
“J” St, Sacramento, CA 95819; (916) 454-4410 


New Ideas on Common Retinal Disorders At: San 
Francisco Dates: 12/13/90 to 12/14/90 Spon- 
sor: Dept of Ophthalmol, Univ of California Sch 
of Med at San Francisco Contact: Extended 
Prgms in Med Educ, Room C-124, Univ of Cal- 
ifornia, San Francisco, CA 94143; (415) 476-4251 


Therapeutic Ultrasound for Glaucoma At: Santa 
Monica Date: 12/7/90 Contact: Mary Martin, 
Found for Ophthalmic Educ, 2232 Santa Monica 
Blvd, Santa Monica, CA 90404; (213) 829-4711 or 
Clare Kilgore, Sonocare Inc, 21 Industrial Ave, 
Upper Saddle River, NJ 07458; (201) 825-7550 

(Continued on p 1639.) 


Pacific Coast Oto-Ophthalmological 
Society (PCOOS) 
75TH ANNUAL MEETING 
June 15-19, 1991 
Hyatt Regency* Monterey, California 


William H. Spencer, M.D. 
San Francisco, California 

Mr. John Wright, FRCS 
London, England 


Invited Speakers: Richard P. Mills, M.D. 


Seattle, Washington 
Steven E. Feldon, M.D. 

Los Angeles, California 
James C. Orcutt, M.D. 

Seattle, Washington 
Dunbar Hoskins,. M.D. 

San Francisco, California 
Don Minckler, M.D. 

Los Angeles, California 


Papers requested on any ophthalmology subject. Send abstracts by 
January 15, 1991 to James C. Orcutt, M.D., PCOOS Program 
Chairman, Associate Professor, Department of Ophthalmology RJ-10, 
University of Washington, Seattle, WA 98195. 


The PCOOS Ophthalmology Resident Award of $500 for the 
outstanding paper with a resident as the principal author.To qualify for 
this award, the paper must be on the program and must be presented at 
the meeting. An abstract must be submitted to Dr. Orcutt by January 
15, 1991. If it is accepted for the program, the full manuscript must be 
submitted for evaluation for the award by April 15, 1991. 
For information regarding the meeting, contact: 
Mireya Jones, PCOOS Manager 
115 W. California Blvd., Suite 405 


Pasadena, CA 91105 
Phone: (818)564-8114 
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An Update On Refractive Corneal Surgery 


(RK, Excimer Laser, and Epigraft), Cataracts, 
Phacoemulsification, IOLs, Lasers, Glaucoma, 


Strabismus, Uveitis, Retinal Diseases, and 
Other Recent Developments 


New Course Additions: 


e Hands-On Excimer Laser Wet Lab 
(Maryland - additional fee) 


e Hands-On Phacoemulsification Wet Lab 
and Small-Incision IOL Insertion 
(Maryland, Puerto Rico, and Colorado - 
additional fee) 


e Automated Visual Fields Interpretation 
and Use of Statistical Analysis 
Symposium (Maryland, Puerto Rico, and 
Colorado - included in registration fee) 


DORADO, PUERTO RICO 


13th Annual Meeting 
February 10 - 17, 1991 


Course Directors 
Walter J. Stark, M.D. 
David L. Guyton, M.D. 


Faculty 

John D. Gottsch, M.D. 

W. Richard Green, M.D. 
Julia A. Haller, M.D. 

David A. Karcher 

Stephen D. Klyce, Ph.D. 
Douglas D. Koch, M.D. 

A. Edward Maumenee, M.D. 
Marguerite B. McDonald, M.D. 
Ronald G. Michels, M.D. 
Alan G. Palestine, M.D. 
Harry A. Quigley, M.D. 
Hunter R. Stokes, M.D. 
Others To Be Announced 


Credit: 30 AMA Category | 
Registration Fee: $500, $350 (those in training) 


plus a ‘‘Management of Business Assets”’ 
seminar for spouses 


The Wilmer Institute 
The Johns Hopkins Medical Institutions 


Current Concepts in Ophthalmology 






BALTIMORE, MARYLAND 


3rd Annual Meeting 
December 6 - 8, 1990 
Course Directors 


Walter J. Stark, M.D. 
Neil R. Miller, M.D. 


Faculty 

Special Guest Lecturers 
Douglas D. Koch, M.D. 
Robert B. Nussenblatt, M.D. 
Stephen L. Trokel, M.D. 


Morton F. Goldberg, M.D. 
Stuart L. Fine, M.D. 

W. Richard Green, M.D. 
David L. Guyton, M.D. 
Douglas A. Jabs, M.D. 
David A. Karcher 

A. Edward Maumenee, M.D. 
Irene H. Maumenee, M.D. 
Travis A. Meredith, M.D. 
Arnall Patz, M.D. 

Harry A. Quigley, M.D. 
Alfred Sommer, M.D. 
Hunter R. Stokes, M.D. 
Other Wilmer Institute Faculty 


The Friday afternoon session will be co-sponsored 
by the Maryland Society of Eye Physicians and 
Surgeons. The guest lecturers will be 

Hunter R. Stokes, M.D. and David A. Karcher. 
Credit: 20 AMA Category | 


Registration Fee: $300, $250 (those in training) 


VAIL, COLORADO 


8th Annual Meeting 
March 9 - 16, 1991 


(corresponds with spring break for many schools) 


Course Directors 
Walter J. Stark, M.D. 
Harry A. Quigley, M.D. 


Faculty 

Jack T. Holladay, M.D. 

H. Dunbar Hoskins, Jr., M.D. 
Douglas A. Jabs, M.D. 
Manus C. Kraff, M.D. 
Hunter L. Little, M.D. 
Travis A Meredith, M.D. 
Ronald G. Michels, M.D. 
Ronald E. Smith, M.D. 
George O. Waring, Ill, M.D. 
Others To Be Announced 


Credit: 30 AMA Category | 
Registration Fee: $500, $350 (those is training) 





Information: Office of Continuing Education, The Johns Hopkins Medical Institutions, 
Turner Building, 720 Rutland Avenue, Baltimore, Maryland 21205-2195, (301) 955-2959 
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: COLORADO 


The Wilmer Inst Current Concepts in Ophthalmol 
Eighth Ann Mtg At: Vail Dates: 3/9/91 to 3/16/ 
91 Hrs Instr: 30 Reg Fee: $500, $350 (those in 
trng) Contact: Off of Cont Educ, The Johns 
Hopkins Med Inst, Turner Bldg, 720 Rutland 
Ave, Baltimore, MD 21205-2195; (301) 955-2959 


FLORIDA 


Pediatric Ophthalmol Cruise Sem At: Ft Lauder- 
dale Dates: 1/5/91 to 1/12/91 Sponsor: Chil- 
drens Hosp of Los Angeles Contact: Kenneth 
W. Wright, MD, Childrens Hospital of Los An- 
geles, Div of Ophthalmol, 4650 Sunset Blvd, Los 

j Angeles, CA 90027; (213) 669-2513 


Canadian Implant Assn Florida Winter Workshop 
At: Hollywood Dates: 12/27/90 to 12/29/90 
Contact: Marvin L. Kwitko, Md, Prgm Chair- 
man, 5591 Cote des Neiges Rd, Montreal, Que- 
bec, Canada, H38T 1Y8; (514) 735-1133 


Uveitis for the Practicing Ophthalmologist At: 
Miami Dates: 1/18/91 to 1/19/91 Hrs Instr: 9.5 
Reg Fee: $225 Contact: Bascom Palmer Eye 
Inst, PO Box 015869, Miami, FL 33101; (305) 
326-6099 


HAWAII 


12th Ann Royal Hawaiian Eye Mtg At: Honolulu 
Dates: 1/19/91 to 1/26/91 Hrs Instr: 28 Contact: 


Jules Stein Eye Institute 


and 


Department of 
Ophthalmology 


UCLA School of Medicine 


Advanced Vitrectomy 
Workshop 


r Friday-Saturday 
January 11-12, 1991 


Mary Charles & Assoc, 2334 S. King St, Suite 
205, Honolulu, HI 96826; (808) 942-9655 


MARYLAND 


Diabetic Retinopathy in 1990 At: Baltimore Date: 
11/16/90 Hrs Instr: 8.5 Reg Fee: $225, $110 (res- 
idents, fellows, & allied health professionals) 
Sponsor: The Wilmer Inst Contact: Prog Co- 
ord, The Johns Hopkins Med Institutions, Of- 
fice of Cont Educ, Turner Bldg, 720 Rutland Ave, 
Baltimore, MD 21205; (301) 955-2959 


The Wilmer Inst Third Ann Curr Concepts in Oph- 
thalmol & a Phaco “Wet Lab” At: Baltimore 
Dates: 12/6/90 to 12/8/90 Hrs Instr: 20 Reg Fee: 
$300, $250 (residents & fellows), $250 (Phaco 
“Wet Lab”) Contact: Prog Coord, The Johns 
Hopkins Med Institutions, Office of Cont Educ, 
Turner Bldg, 720 Rutland Ave, Baltimore, MD 
21205; (310) 955-2959 


Third National Eye Inst Symp on Eye Dis Epide- 
miology At: Bethesda Dates: 3/25/91 to 3/27/91 
Contact: Johanna McDonough, Senior Conf 
Specialist, Social & Sci Systems, 7101 Wiscon- 
sin Ave, Suite 610, Bethesda, MD 20814-4805; 
(301) 986-4870 


MISSOURI 


Excimer Laser Course, Refractive & Therapeutic 
At: Kansas City Dates: 12/8/90 to 12/9/90 Reg 
Fee: $900. Didactic and Wet Lab Sponsor: Dept 
of Ophthalmol, Univ of Missouri-Kansas City 
Sch of Med Contact: John W. Irvine, MD, Eye 


Coordinators 


Found of Kansas City, 2300 Holmes, Kansas 
City, MO 64108; (816) 881-6150 


NEVADA 


Contact Lens Assn of Ophthalmologists (CLAO) 
1991 Ann Mtg At: Las Vegas Dates: 1/13/91 to 
1/16/91 Contact: Mtgs Registrar, CLAO, 523 
Decatur St, Suite 1, New Orleans, LA 70130- 
0127; (504) 581-4000, FAX (504) 581-5884 


NEW YORK 


Basic Sci Course in Ophthalmol At: New York 
Dates: 9/5/90 to 12/31/90 Hrs Instr: 154 Reg 
Fee: $1100 Contact: NY Univ Med Ctr, Post- 
Grad Med Sch, 550 First Ave, New York, NY 
10016; (212) 340-5295 


The LuEsther T. Mertz Vitreous-Retina-Macula 
Lectures At: New York Dates & Speakers: 
1/15/91-Froncie A. Gutman, MD; 3/19/91- 
James J. Augsburger, MD Sponsor: Dept of 
Ophthalmol, Manhattan Eye, Ear & Throat 
Hosp Contact: Kimberly Corbin, Course Coord, 
Dept of Ophthalmol, MEETH, 210 E 64th St, 
New York, NY 10021; (212) 605-3761 


The Edward S. Harkness Eye Inst, Columbia- 
Presbyterian Med Ctr 1990-1991 Basic Sci and 
Clin Sci Course At: New York Dates: 1/3/91 to 
1/31/91 (Basic Sci Course) and 10/8/90 to 3/ 
22/91 (Clin Sci Course) Reg Fee: $750 Contact: 
Ms Clara Duffy, Prgm Coord, Edward S. Hark- 
ness Eye Inst, 635 W 165th St, New York, NY 
10032; (212) 305-2725 


(Continued on p 1641.) 


Allan E. Kreiger, M.D. 
Hilel Lewis, M.D. 


Guest Faculty 
Gary Abrams, M.D. 
Milwaukee, Wisconsin 
George Blankenship, M.D. 
Hershey, Pennsylvania 
Mark Blumenkranz, M.D. 
Royal Oak, Michigan 
Stanley Chang, M.D. 
New York, New York 
Eugene de Juan, M.D. 
Durham, North Carolina 
Maurice B. Landers, M.D. 
Davis, California 
John Lean, M.D. 
Los Angeles, California 
Brooks McCuen, M.D. 
Durham, North Carolina 


Ronald Michels, M.D. 
Baltimore, Maryland 


Jules Stein Eye Institute Faculty 


Marc O. Yoshizumi, M.D. 


This is an intensive and practical course covering the 
most recent advances and innovations in vitreoretinal 
surgery. Through lectures, panel discussions, and 
audiovisual demonstrations, the course deals with 
controversies, new surgical techniques, and the man- 
agement of complex vitreoretinal problems such as 
diabetic retinopathy, proliferative vitreoretinopathy, 
trauma, giant retinal tears, macular holes, infectious 
retinopathy, and retinopathy of prematurity. Special 
emphasis will be placed on new instrumentation, new 
surgical techniques, lasers, intraocular substitutes, 
and intraocular drugs. Several speakers will address 
each subject so differing points of view will be pre- 
sented and explored. Ample time will be allotted for 
discussion and audience participation will be encour- 
aged. The course is designed for the experienced 
vitreoretinal surgeon. 


Registration Fee, $500.00 
CME Category | Credit, 16 Hours 


For information: 

Gretchen Falvo 

Director of Academic Programs 
Jules Stein Eye Institute 

100 Stein Plaza, UCLA 

Los Angeles, California 90024-7000 
U.S.A. 

(213) 825-4617 
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DN Wills Eye Hospital 


Cornea Service 
announces 
The Eighth Biennial Cornea Conference 
Management of Corneal and External Diseases: 
New Approaches to Old Problems 


November 30-December 1, 1990 


Sheraton Society Hil! Hotel 
Philadelphia, PA 


Topics to include: Laser Corneal Surgery 
Corneal Topography 


Guest Faculty Wills Eye Hospital Faculty 

Richard L. Lindstrom, M.D. Elisabeth J. Cohen, M.D. 

Minneapolis, MN Sadeer Hannush, M.D. 
Peter R. Laibson, M.D. 

R. Doyle Stulting, M.D., Ph.D. Kent G. Leavitt, M.D. 

Atlanta, Georgia Michael A. Naidoff, M.D. 
Irving M. Raber, M.D. 

George O. Waring, III, M.D. 

Atlanta, Georgia 


Program Chairman: Elisabeth J. Cohen, M.D. 


CME Credits: Further Information: 

AMA-CME 11.5 Credit Hours Wills Eye Hospital 
Department of Continuing 

Registration Fees: Medical Education 

$200 Practicing Physicians 9th & Walnut Streets 

$100 Residents & Fellows Philadelphia, PA 19107 


215-928-3378 
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(Continued from p 1639.) 


Atlantic Coast Fluorescein Angiography Club 
Mtg At: New York Date: 1/11/91 Contact: 
Kimberly Corbin, Course Coord, Dept of Oph- 
thalmol, Manhattan Eye, Ear & Throat Hosp, 
210 E 64th St, New York, NY 10021; (212) 605- 
3761 


Masters of the Macula At: New York Date: 1/12/ 
91 Hrs Instr: 7 Contact: Kimberly Corbin, 
Course Coord, Dept of Ophthalmology, Man- 
hattan Eye, Ear & Throat Hospital, 210 E 64th 
St, New York, NY 10021; (212) 605-3761 


The Eye and Systemic Disease At: New York 
Date: 1/26/91 Contact: Geri C. Weiss, Admin, 
c/o Jesse Sigelman, MD, 1125 Fifth Ave, New 
York, NY 10128; (212) 348-7655 


Seventh Ann Live Ophthalmic Plastic Surg Work- 
shop— Masters of Ophthalmic Plastic Surg At: 
New York Dates: 3/1/91 to 3/2/91 Contact: 
Kimberly Corbin, Course Coord, Dept of Oph- 
thalmol, Manhattan Eye, Ear & Throat Hosp, 
210 E 64th St, New York, NY 10021; (212) 605- 
3761; FAX (212) 753-7699 


41st Ann Postgrad Review Course in Ophthalmol 
At: Syracuse Dates: 11/30/90 to 12/1/90 Hrs In- 
str: 14 Contact: Office of Cont Educ, SUNY 
Health Sci Ctr at Syracuse, 750 E Adams St, 
Syracuse, NY 13210; (315) 464-4607 or 1-800- 
283-4606 


N CAROLINA 


The Univ of North Carolina Ophthalmol Resi- 
dents’ Day At: Chapel Hill Date: 12/1/90 Con- 
tact: Christine C. Cotton, Dept of Ophthalmol, 
CB 7040, 617 Clin Sci Bldg, Univ of North Caro- 
lina, Chapel Hill, NC 27599-7040 


PHILADELPHIA 


The Eighth Biennial Cornea Conf: Mgmt of Cor- 
neal and External Diseases: New Approaches 
to Old Problems At: Philadelphia Dates: 11/ 
30/90 to 12/1/90 Hrs Instr: 11.5 Reg Fee: $200, 
practicing physicians; $100, residents & fellows 
Contact: Wills Eye Hosp, Dept of CME, 9th & 
Walnut Streets, Philadelphia, PA 19107; (215) 
928-3378 


TEXAS 


Saturday Seminar Series— Graves’ Ophthalmop- 
athy At: Dallas Date: 12/8/90 Hrs Instr: 4 Reg 
Fee: $50 Contact: Eleanor J. Goldsmith, EdD, 
Educ Coord, Dept of Ophthalmol, Univ of Texas 
Southwestern Med Ctr, 5323 Harry Hines Blvd, 
Dallas, TX 75235-9057; (214) 688-3848 


32nd Ann Course in Contact Lens Technology 
At: Houston Dates: 11/19/90 to 12/1/90 Con- 
tact: Bette Burkett, Contact Lens Technology 
Course, Cullen Eye Inst, Baylor Coll of Med, 
Houston, TX 77030 


The Sixth Ann Cullen Course: Clin Adv in Oph- 
thalmol for the Prac Ophthalmologist At: 
Houston Dates: 3/15/91 to 3/17/91 Contact: 
Lila Lerner, Office of Cont Educ, Baylor College 
of Med, One Baylor Plaza, Houston, TX 77030; 
(713) 798-6020 


WISCONSIN 


Ocular & Orbital Tumor Symp At: Milwaukee 
Dates: 12/7/90 to 12/8/90 Reg Fee: $250, par- 
ticipating physicians; $75, residents and fellows 
(reg deadline, 11/15/90) Contact: William F. 
Mieler, MD, Eye Inst/Med Coll of Wisconsin, 
8700 W Wisconsin Ave, Milwaukee, WI 53226; 
(414) 257-5544 


DECEMBER 27, 28, 29, 1990 


FLORIDA WINTER WORKSHOP 
NINTH ANNUAL MEETING 
will be held in the 
DIPLOMAT RESORT HOTEL 


FOREIGN 


Internati Alpine Vitreoretinal Symp At: Telfs/Ty- 
rol, Austria Dates: 1/6/91 to 1/13/91 Contact: 
Prof Dr S. Binder, c/o Vienna Med Acad, Alser 
Strasse 4, A-1090 Vienna; 0222/42 13 83; FAX 
0222/42 13 23 


Seventh Ann Winter Glaucoma Symp & Prac 
Mgmt Sem At: Grand Cayman, British West 
Indies Dates: 2/17/91 to 2/19/91 Hrs Instr: 12 
Reg Fee: $400 (before October 15); $450 (Octo- 
ber 15 and after) Contact: David Townsend, 
Assoc in Med Marketing Co Inc, 9 Pheasant Run 
Rd, Newtown, PA 18940; (215) 860-9600 


Clin Mtg 1990 and Fifth Clin Ophthalmological 
Symp At: Hong Kong Dates: 12/1/90 to 12/2/90 
Theme: Eye Disorders of Childhood Reg Fee: 
$200, delegate; $100, accompany person Con- 
tact: Secretariat, Scientific Mtg 1990, Hong 
Kong Ophthalmological Soc, c/o Hong Kong 
Med Assn, 5/F Duke of Windsor Social Serv 
Bldg, 15 Hennessy Rd, Hong Kong; (852) 527- 
8285 


Prac Aspects of Photocoagulation At: Mexico 
City, Mexico Dates: 2/14/91 to 2/16/91 Reg 
Fee: $150 Sponsors: Eye Research Inst of Bos- 
ton, Hosp Espanol, Mexico Contact: J. Wallace 
McMeel, MD, 100 Charles River Plaza, Boston, 
MA 02114; (617) 523-7810 or Jose M. Celorio, 
MD, Ejerciti National 617-15, 11520 Mexico DF, 
Attn: C. Leon; (525) 250-9744 


The Wilmer Inst Current Concepts in Ophthalmol 
13th Ann Mtg At: Dorado, Puerto Rico Dates: 
2/10/91 to 2/17/91 Hrs Instr: 30 Reg Fee: $500, 
$350 (those in trng) Contact: Off of Cont Educ, 
The Johns Hopkins Med Inst, Turner Bldg, 720 
Rutland Ave, Baltimore, MD 21205-2195; (301) 
955-2959 


3515 South Ocean Drive, Hollywood Florida 33019 USA 


THEMES 


Cataract and Implant Surgery / Innovations 
in Contact Lenses 
Keratorefractive Surgery / Oculo Plastic Surgery 


FACULTY 


. Charles Bechert, Fort Lauderdale Dr. Charles Kelman, New York 

. Lewis Dan, Miami 

. Suzanne Veronneau, New York 
. Leeds Katzen, Baltimore 

. J.S. Pannu, Fort Lauderdale 

. Michael Patipa, Palm Beach 


. Richard Troutman, New York 
. Robert Welsh, Miami 

. Jean Paul Demers, Montreal 
. Miles Galin, New York 

. Marvin Kwitko, Montreal 


(305) 457-8111 


Nurses 
Students 
Residents 


oe Oo rama 
es es ts ts ts tt tt 


Ophthalmologists 

After December 1, 1990 

Senior Ophthalmologists (over 65 yrs.) 
Phakoemulsification / Implant Wet Lab 
Optometrists/Opticians 


Fees 

$250.00 

$300.00 

$150.00 

$500.00 

$150.00 
$75.00 
$25.00 
$75.00 


(With letter from Chief of Service) 


Assume confirmation with your cancelled check. 
Official receipt will be issued at meeting. 
Make your own hotel reservations mentioning “Florida Winter Workshop”. 


SYMPOSIUM REGISTRATION FORM 


. Ellis Gruber, Rochester 

. Kurt Buzard, Las Vegas 

. Harold Sawelson, Miami 

. James Hayes, Atlanta 

. Penny Asbell, New York 
Dr. Frank Weinstock, Canton 


Return this form with cheque payable to 
the “Pan American Implant Association” to: 

Dr. Marvin L. Kwitko, Program Chairman 
5591 Céte des Neiges Road, Suite #1 
Montreal, Canada H3T 1Y8 
Phone: 1-514-735-1133 + Fax: (514) 731-0651 


Specialty 


SPECIAL PROGRAMS 


Extracapsular and phakoemulsification live demonstration at local hospitals 
Phakoemulsification / Implant Wet Lab — Instruments provided 

Contact lens workshop with audience participation. 

Registered participants are invited to present papers on the themes of the 
meeting 


Name 
Address City 


State Postal Code 
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April 12-17 — Chicago’ 


The Osler Institute 
Ophthalmology Review Course 


November 8-13, 1990 — San Francisco 


April 26-May 1 — Boston 


+ 


Now, your comprehensive review just before written and oral exams 


OBJECTIVES 


e Improve basic and clinical knowledge in ophthalmology 


e Assist residents and fellows to study efficiently 
e Prepare candidates to take their board examinations 


TOPICS 
Fundamentals Ocular Surface 
Anatomy External Disease 
Biochemistry Cornea 
Physiology Conjunctiva 
Pharmacology Sclera 
Optics and Refraction Anterior Segment 
Ophthalmic Optics Anterior Angle 
Refractive Errors Glaucoma 
Instruments Lens 
Clinical Refraction Trauma 
Intraocular Orbit and Adnexa 
Inflammation Orbit 
Uveal Tract Eyelids 
Ocular ‘Tumors Lacrimal System 
Posterior Segment Pate SUTgeIy 
Retina Medical Problems 
Vitreous Immunology 
Laser Surgery Endocrinology 
Macula Systemic Diseases 
Vascular Disease Emergencies 
Neuro-ophthalmology Ophthalmic Pathology 
Neuroanatomy Adnexa and Orbit 
Optic Nerve External Eye 
Visual Pathways Anterior Segment 


Pupillomotor System 
Oculomotor System 


Pediatric Eye 
Congenital Disorders 
Genetic Disorders 
Strabismus 


Name 
Address 
City/State/Zip 
Phone 


P.O. Box 2218 
Terre Haute, IN 47802 


w™ eee ee ee eee ee eee eee eee eee eee eee ee 


Mail today to: 


1094 Dawn Lane, Dept 11 


Posterior Segment 
Other Activities 


Pathology Laboratory 


Written Exam 
Oral Exam 
Exam Review 


For: L] Nov. 8-13, 1990 — San Francisco 
O April 12-17, 1991 — Chicago + 
C] April 26-May 1, 1991 — Boston + 

O Check is enclosed for $ 

C] Please send more information. 


+ Course being planned 


METHODS 


e HOME STUDY assignments with questions and answers 
e SEMINAR with projection-slide lecture and syllabus 
èe PRACTICE EXAMS with oral and written parts 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 


FACULTY 


Crowell Beard, M.D. 
Emer. Clin. Prof. of Ophth. 
Univ. of Calif., San Francisco 


Devron Char, M.D. 


Professor of Ophthalmology 
Univ. of Calif., San Francisco 


Steve Feldon, M.D. 
Assoc. Professor of Ophth. 
Univ. of Southern California 


Peter Fries, M.D. 


Chief of Orbit and Plastic 
Letterman Army Med. Ctr. 


Donald Gagliano, M.D. 
Chief of Retina and Vitreous 
Letterman Army Med. Ctr. 


Daniel Goodman, M.D. 
Clin. Ass’t. Prof. of Opth. 
Univ. of Calif., San Fransisco 


David Guyton, M.D. 
Professor of Ophthalmology 
Johns Hopkins University 


Lee Hunter, M.D. 
Chief of Pediatric Ophth. 
Letterman Army Med. Ctr. 


Jan McDonnell, M.D. 
Ass’t. Professor of Ophth. 
Univ. of Southern California 


John Stanley, M.D. 
Veteran’s Admin. Hospital 
San Francisco, California 
Walter Stern, M.D. 


Clin. Prof. of Ophthalmology 
Univ. of Calif., San Fransisco 
Thomas Stevens, M.D. 
Professor of Ophthalmology 
University of Wisconsin 
Rosa Tang, M.D. 

Clin. Assoc. Prof. of Ophth. 
The UTx Med. Sch., Houston 


Limited Enrollment: Ophthalmology Review Registration 


SSrrrrrreereererrreeeeecrerereirrrl 


"Accommodations were comfortable...."* 


GOALS: This course for residents and 
practicing ophthalmologists is a com- 
prehensive review and update held the 
week before written and oral exams. 
Home study questions will be sent before 
the course. Your best value is to repeat the 
seminar for half price the week before 
both written and oral exams. Topics and 
faculty are upgraded for each course. The 
course is held in Chicago immediately 
before the written exam and in the exam 
city just before the oral exams. 


"and those little extras...."* 


LOCATION: The course is held in San 
Francisco and Chicago as the most con- 
venient location for exam candidates. The 
November course will be at the San Fran- 
cisco Airport Hilton at San Francisco 
International Airport. Rates will be $120 
single, $155 double. 


"remarkably complete and pleasant."* 


LOWEST AIR FARES: Please call toll- 
free 1-800-548-8185 for group discounts. 


"I feel [the course] helped me pass..."* 


PLACEMENT SERVICE: For a practice 
opportunity write or call 1-800-356-7537. 


"the most education for the money.."* 


FEES AND COURSE HOURS: 

e Physician or Resident: Ph. Res. Hrs. 
e Six day course: $720 $480 60 
e Extra mock orals day: $150 $150 8 


e Repeating within 2 yrs.: $360 $360 60 

e Add 10% within 10 days of the course. 

e Attendees not in course hotel add $20/day. 

e Fees do not include lodging or meals. 

e A deposit of $50 will reserve your position. 

e Most home study materials will be mailed 
after half of the registration fee is received. 


"home study material was extremely helpful."* 


REFUNDS: Subject to a $50 fee, refunds 
will be made up until the seminar begins. 
eCancellation after mailing home study 
material requires retention of half the fee. 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
The Osler Institute 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by past Osler participants 


MANHATTAN Eye, EAR FALL & WINTER 


OPHTHALMOLOGY 


& THROAT HOSPITAL 1990-1991 COURSES 


A ay 
E> < 
Oe 


October 5-6, 1990 
1990 GLOVER-LISMAN PROFESSORSHIP 
Manus C. Kraff, M.D., University of Illinois, Chicago 
SS a ee 
November 10, 1990 
GLAUCOMA SEMINAR 
Course Directors: Raymond Harrison, M.D. & Maurice Luntz, M.D. 


This seminar, which will include twenty presentations and discussions, will review contemporary glaucoma practice. 


+ 
January 12, 199] 
Course Director: Lawrence A. Yannuzzi, M.D. 
Faculty: Alan C. Bird, M.D., J. Donald Gass, M.D., Howard Schatz, M.D., Lawrence Yannuzzi, M.D. 
This is an advanced program for retinal specialists. Interesting and unusual cases will be presented to illustrate 
new observations, to reconcile existing controversies and to stimulate provocative discussions. 
a 
March 1-2, 1991 
Guest Surgeons: Richard L. Anderson, M.D., Charles R. Leone, Jr., M.D., Orkan G. Stasior, M.D. 
20 Live Surgery cases will be presented. Topics include orbital, lacrimal, ptosis and socket surgery; blepharoplasty; 
ectropion and entropion correction; cryosurgery; enucleation; thyroid eyelid malposition; dermis fat grafting. 
G 
CME Category I Accreditation available. All courses will be held at Manhattan Eve, Ear & Throat Hospital in New York City. 
For further information contact: Kimberly Corbin, Course Coordinator, Department of Ophthalmology, 
Manhattan Eye, Ear & Throat Hospital, 210 East 64th Street, New York, New York 10021 (212) 605-3761 FAX (212) 753-7699 


\lege of 
9th ANNUAL PARK CITY e a" 
MULTIDISCIPLINARY EYE AND FACIAL a 
PLASTIC SURGERY CONFERENCE CULLEN EYE INSTITUTE 


February 9-1 es 1991 Department of Ophthalmology 


Olympic Hotel 
Park City, Utah 


A program for ophthalmologists, 


otorhinolaryngologists, dermatologists, Clinical Advances in Ophthalmology 
plastic surgeons and oral surgeons. for the Practicing Ophthalmologist 


+ 


: l MARCH 15-17, 1991 
Co-Chairmen: The Houstonian Hotel and Conf Cent 
Robert M. Dryden, M.D., F.A.C.S. Jeffrey C. Popp, M.D., F.A.C S. ee SO 


Clinical Professor, Clinical Assistant Professor, Houston, ‘Texas 
Department of Ophthalmology Department of + 


University of Ari Ophthalmol , ; 
Cailege e shale Piai ar AON he compleat course in the field. . .treats all aspects of 


Tucson. Arizona Medical Center practice and major subspecialties in clinical ophthal- 
Creighton University mology. . .annual continuing-education must for practicing 
School of Medicine ophthalmologists. 
Omaha, Nebraska + 
“Ahead-of-the-Art’’ Developments 


Sponsored by: The University of Nebraska Medical Center, State-of-the-Art Management 


Department of Ophthalmology Updated Review of Diagnosis & Therapy 


Topics Selected in Advance by Participants 
15 Full-Time Clinical Faculty Up to 40 Lecture Presentations 
Panel Discussions and Q&A More than 20 Technical Exhibits 
Grand Rounds and Clinic Tour Welcome Reception, Luncheon 


Approved for AMA Category | — 16 hours 


For further information, contact: Brenda Ram, University of 
Nebraska Medical Center, Center for Continuing Education, 600 l g ist bio 
South 42nd Street, Omaha, NE 68198-5651. Telephone (402) 559- CONTACT: Lila Lerner, Office of Continuing Education 

4152. Baylor College of Medicine, One Baylor Plaza, Houston, TX 77030 


(713) 798-6020 





1643 


1644 


Classified Advertising 


All classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or 
related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about “BOX NUMBER” advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
, c/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Ophthalmology. 


Box 











CLASSIFIED INFORMATION 


Regular Classified 1Time 3Times 
or more“ 
Cost per word $ .95 $ .85 


Minimum 20 words. per issue 
*In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 
Closing Date 


The 25th of the second month prior to the issue 
date. Example: The November issue closes Sep- 
tember 25th. No ads can be cancelled after the 
closing date. 


Send all copy, correspondence, production 
materials and payments to: 


archives of 


Ophthalmology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 O 813-443-7666 





Professional Opportunities 


SOUTH CAROLINA — Solo sponsored practice. No 
competition. Excellent package. Dr. Goodman, 5600 
Executive Center Drive, #102, Charlotte, NC 28212. 
(704) 536-2527. 


Manhattan Eye, Ear 
and Throat Hospital 


Is seeking a board-certified oph- 
thalmologist to direct the residency 
training program. This one- or two- 
year position is an outstanding op- 


portunity for someone who has 
recently completed an academic 
fellowship and is interested in estab- 
lishing a practice in New York City. 


The physician will supervise the res- 
idents’ clinical and surgical training 
and will coordinate an extensive 
academic calendar. There is oppor- 
tunity for private practice. 


Please send CV to: 


Ms. Mary Matthews 
Manhattan Eye, Ear & Throat Hospital 
210 East 64th Street 
New York, NY 10021 








Professional Opportunities 


EXCELLENT OPPORTUNITY to jointwo busy oph- 
thalmologists in upper Great Lakes area. Modern, 
attractive ophthalmologist-owned clinic building with 
state-of-the-art equipment and optical dispensary 
with registered optician. Winning combination of 
long established, reputable clinic with superbly 
trained staff; good surgical, medical volume and 
profit. JCAHO approved hospital with modern out- 
patient department and staff of 37, most of whom 
are specialists. Beautiful area in which to live, with 
good recreational and educational opportunities. 
Negotiated salary and benefits. Full partnership 
option if mutually agreeable. Please reply to: Box 
#624, c/o AOP. 


PEDIATRIC OPHTHALMOLOGIST 


Second, full-time, academic pediatric ophthal- 
mologist needed for expanding department at 
children’s hospital. BE/BC, fellowship trained. 


Clinical, research and teaching responsibilities. 
Position available immediately or will discuss 
starting date. Contact: David J. Schanzlin, MD, 
Chairman, Department of Ophthalmology, St. 
Louis University School of Medicine, Bethesda 
Eye Institute, 3655 Vista, St. Louis, MO 63110. 





VITREO-RETINAL SURGEON needed to join busy 
midwest medical and surgical retina-only practice. 
Fully equipped, multi-office practice. Fellowship 
required. Excellent salary with buy-in leading to 
partnership. Ideal area for family living with year 
round recreation and excellent school systems. 
Box #623, c/o AOP. 


GENERAL 
OPHTHALMOLOGIST 


The Department of Ophthalmology at the 
University of Texas Medical Branch is 
seeking a general ophthalmologist with an 
interest in anterior segment surgery to 
teach residents and participate in patient 
care. Must be able to obtain a Texas medi- 


cal license. Please send CV to: 


Byron J. Bailey, MD, Chairman ad interim 
UTMB, Department of Ophthalmology 
Rt. G-87, Galveston, TX 77550 
UTMB is an equal opportunity M/F/H/V, 
affirmative action employer. UTMB hires 
only individuals authorized to work in the 

United States. 





PEDIATRIC OPHTHALMOLOGIST, general oph- 
thalmologist — Minneapolis/St. Paul: Two BC/BE 
physicians to join staff of nine ophthalmologists in 
one of the oldest pre-paid, multi-specialty group 
practices in the midwest. Superb compensation 
package with an extremely stimulating practice 
environment. Please send curriculum vitae to: Phy- 
sician Services, Group Health, Inc., 2829 University 
Avenue Southeast, Minneapolis, MN 55414. 


CORNEA: Cornea group seeks additional associ- 
ate for high volume surgical practice, limited to 
cornea and external disease; fellowship required. Con- 
tact: Theodore Perl, MD, Corneal Associates of 
New Jersey, (201) 736-1313. 


RETINA: Retina-vitreous group in large midwest- 
ern city seeks fellowship-trained associate leading 
to partnership. Busy, congenial practice with excel- 
lent financial opportunity. Reply with resume to: 
Box #632, c/o AOP. 


PLEASE NOTE—Address replies to box number 
ads as follows: Box number, ______, c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 





Professional Opportunities 


GENERAL OPHTHALMOLOGIST — Prestigious, 


well-established ophthalmology practice in Chicago 
and northern suburbs looking for associate to 
begin immediately. Fellowship training in plastics, 
medical retina or cornea are desirable but not man- 
datory. Potential to possible partnership. Salary 
negotiable. Box #629, c/o AOP. 


GENERAL OPHTHALMOLOGIST to join a six phy- 
sician eye clinic in beautiful Portland, Oregon. Full- 
time position with excellent salary and fringe bene- 
fits. Send CV and cover letter to: L.K. Jones, OMEC, 
1955 N.W. Northrup, Portland, OR 97209. 


OPHTHALMOLOGIST — Multi-specialty clinic in 
Seattle seeking BC/BE general ophthalmologist to 
join a large ophthalmic practice. Position would 
entail working at central and peripheral locations. If 
interested, please send CV and list or references to: 
Dr. George Pugsley, 1100 Ninth Avenue, Seattle, 
WA 98101. FAX #: (206) 223-6947. 


SOLO PRACTICE—General opthalmology. Profit- 
able high per capita income west Texas. Modern 
office equipment, minor operating suite, micro- 
scope, ultra sound, micro surgical instruments. 
Two hospitals, good schools, college and univer- 
sity. High practice expansion potential in pediatrics 
and surgery. Box #635, c/o AOP. 


FOOTHILLS OF MOUNTAINS—Where Virginia, 
Tennessee and North Carolina meet. Income 
potential in the $450,000 range. General ophthal- 
mology plus ample opportunity for subspecialty 
interest in retina, glaucoma, plastics or cornea. 
Award winning public schools, lake and river boat- 
ing, downhill skiing, symphony. Call Diane Safner 
at: (800) 678-7858. 


OPHTHALMOLOGIST—BC/BE to associate with 
a two physician department in an eighty physician, 
multi-specialty group. City of 63,000 on Puget 
Sound, thirty miles north of Seattle. Opportunity for 
an exceptional personal/professional lifestyle. 
Position available summer 1991. Send CV to: 
Richard A. Davidson, MD, The Everett Clinic, 3901 
Hoyt Avenue, Everett, WA 98201. 


MAINE — Exceptional opportunity for BC/BE oph- 
thalmologist to join established ophthalmology 
practice in beautiful northern New England. Refer- 
ral base 400,000 with 120,000 in immediate area. 
Wide ranging cultural, academic and recreational 
opportunities. Modern, well equipped office adjoin- 
ing growing medical center with extensive diagnos- 
tic and laboratory services. Association with oppor- 
tunity for partnership. Send CV to: Jean H. Tibbetts, 
MD, Suite 230, 417 State Street, Bangor, ME 04401. 


TWO BUSY OPHTHALMOLOGISTS (with cornea 
and glaucoma subspecialties) looking for associate. 
Beautiful town of Lancaster, Pennsylvania, with latest 
diagnostic and OR equipment, 11⁄4 hours from Phila- 
delphia and Baltimore. Fully automated office. Un- 


usual opportunity for exciting practice and ideal family 
life-style. For further information, send CV and salary 
expectations to: Barton L. Halpern, MD, 1532 Lititz 
Pike, Lancaster, PA 17601 





MICHIGAN — OPHTHALMOLOGIST with plastics 
training needed for unique opportunity. Excellent 
starting salary with full partnership potential. Please 
respond to: Box #633, c/o AOP. 


ESTABLISHED PRACTICE in Kentucky, expand- 
ing to three ophthalmologists, seeks well-trained, 
ethical associate. This private practice has superb 
practice environment with new facility, well-trained 
staff and excellent equipment. Ideal family setting 
in small university town with beaucoup de recrea- 
tion. If interested, please send CV and personal 
cover letter to: Box #625, c/o AOP. 


Pediatric 
Ophthalmologist 


Marshfield Clinicis seeking a fellowship- 
trained Pediatric Ophthalmologist to 
join its 9 member Ophthalmology De- 
partment. Existing staff includes spe- 
Cialists in retina, cornea, glaucoma, 
neuroophthalmology and general oph- 
thalmology. The Clinic is one of the 
nation's largest multispecialty clinics 
with over 300 physicians serving Central 
and Northern Wisconsin. Outstanding 
Department of Pediatric subspecialists 
to support your practice as well. If inter- 
ested please contact: 


James Holzberger, M.D. 
Department of Ophthalmology 


By calling collect at 715-387-5236 


Marshfield Clinic 


Ophthalmologist 


Ophthalmologist to join 
existing department in 
expanding multi-specialty 
clinic located in northern 
suburb of Minneapolis. 
Department currently 
consists of one 
ophthalmologist, two 
optometrists, certified 
ophthalmic and optometric 
technicians. 


Full service general 
ophthalmology practice 
with limited emergency 
call schedule. Highly 
competitive first year 
salary guarantee; 
production directed 
compensation; excellent 
benefits package. 


Respond with CV to: 


W. EDWIN GOULD, MD 
13986 MAPLE KNOLL WAY 
MAPLE GROVE, MN 55369 


(612) 420-5700 





THE PERMANENTE MEDICAL GROUP 


NORTHERN CALIFORNIA 


QUALITY 
STABILITY 
LEADERSHIP 
GROWTH 
SUPPORT 


REWARDS 
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KAISER PERMANENTE 


Good People. Good Medicine 


The Permanente Medical Group, the largest multi- 
specialty group practice in the U.S., is undergoing 
explosive growth in its Northern California region: the 
San Francisco Bay Area, Sacramento and the Central 
Valley. Our rapid increase in membership has created 
practice Opportunities throughout the region for 
additional BC/BE Ophthalmologists. 


Our physician-managed group is part of the compre- 
hensive Kaiser Permanente Medical Care Program. As a 
TPMG physician, you have access to the latest medical 
technology and resources, the support of colleagues 
in all subspecialties — and the opportunity to provide 
excellent health care without the burdens of managing 
a practice. 


TPMG offers many benefits: scheduled time off with 
cross-coverage provided by your colleagues, malprac- 
tice insurance, a substantial retirement program and 
special arrangements for physicians transferring from 
established practice. Please call or send CV to: 

The Permanente Medical Group, Inc., Richmond 
Prescott, M.D., Physician Recruitment Services, Dept. 
AO-7180, 1814 Franklin, 4th Floor, Oakland, CA 94612. 
(800) 777-4912. EOE 


The Mount Sinai Medical Center of New York 


RETINAL 


VITREOUS SURGEON 


An attractive full time faculty position is available at the Mount 
Sinai School of Medicine and affiliated Elmhurst Hospital. 


Candidates must have completed appropriate fellowship and 
be board eligible/certified. Applicants should have strong 
teaching and research interests in addition to clinical skills in 
vitreo-retinal surgery. 


Please send c.v. and bibliography to Dr. Steven M. Podos, The 
Mount Sinai Medical Center, One Gustave L. Levy Place, New 
York, NY 10029-6574. An Equal Opportunity Employer. 


MOUNT SINAI. 


TAKE GOOD CARE OF YOUR CAREER. 
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Professional Opportunities 






OCULOPLASTIC/ 
GENERAL 
OPHTHALMOLOGIST 


Ophthalmologist with fellowship training in Orbital 
and Oculoplastic Surgery to work at least 50% in 
subspecialty area. Gundersen Clinic is a 250-physi- 
Cian, multi-specialty group with adjacent 402-bed 
teaching and tertiary level facility. Current depart- 
ment has seven Ophthalmologists, twelve certi- 
fied technicians, YAG laser, Argon-Krypton laser, 
A&B scan, auto perimeter, etc. Applicant will do 
general ophthalmology including cataract surgery 
as well. 


WISCONSIN: A widely respected, rapidly growing 
general specialty ophthalmology clinic is seeking a 
retinal specialist interested in a medical/surgical 
practice. Backed by a fully equipped retinal depart- 
ment with full-time RN and photographer, we offer a 
large, state-of-the-art modern practice with multiple 
offices and a large new hospital. Practice is located 
in an “All American City’ with fine school systems 
and multiple recreational opportunities. Please send 
CV to: Sharon Blaschka, Eye Clinic of Wausau, S.C., 
614 First Street, P.O. Box 689, Wausau, WI 
54402-0689. 












Practices Available 










PRACTICE SALES are confidential and guaran- 
teed. NMA is the specialist to call for professional 
help in buying or selling. National Medical Alliance, 
Inc., 8136 Old Keene Mill Road, Suite 208B, Spring- 
field, VA 22150. (703) 866-5908 or (800) 331-1986. 







Gundersen Clinic is located on the Mississippi River 
in La Crosse, WI, a metropolitan area of 100,000 
people. Beautiful setting with many cultural and 
recreational opportunities available. Excellent school 
system. University of Wisconsin-La Crosse, a pri- 
vate, 4-year college and a technical college also 
located in the community. Excellent working con- 
ditions, competitive salary and excellent pension 
program. No investment required. 




















CORNEA PRACTICE — FOR SALE 


Part of a seven-person ophthalmology group 
Established clientele for cornea, refractive 
and cataract surgery. Excellent clinical facil- 
ity centered in beautiful. green southwestern 
city. Great opportunity for professional 
success in a quality environment. Available 
summer 1991. Box #631, c/o AOP 










Send C.V. to: Phillip J. Dahlberg, M.D., Chairman, 
Personnel Committee, or CALL COLLECT to Tim 
Skinner, M.S.Ed., Manager, Physician Recruitment, 
at 1-608-782-7300, ext. 6673. 










FREE PRACTICE! Just lease modern office at 
appraised rate of $10.50/foot with bond guarantee 
of payment. In fantastic Boise, Idaho. Box #634, c/o 
AOP. 





Gundersen Clinic, Ltd. 
1836 South Avenue 
Dept. S-10 

La Crosse, Wisconsin 54601 






EXCELLENT LOCATION in sunny southern 
California. Optical practice. Three day week with 
potential for much more. Turn key operation, 
patients, equipment, lease, reasonable. Seller wishes 
to retire. If interested, call Donna at: (714) 771-6595. 








An Equal Opportunity Employer 


Ophthalmologist 


Kaiser Permanente, Northwest Region, is seeking a board 
certified or eligible Ophthalmologist for a one-year locum tenens 
position with our multispecialty group in Portland, Oregon 
beginning July 1991. We currently have eight Ophthalmologists 


on staff; two specializing in cornea and retina. 


Experience the quality of life in the beautiful Pacific Northwest, 
close to mountains and beaches. We offer a competitive salary and 
paid malpractice. Forward inquiry and C.V. to: Fred M. Nomura, 
M.D., Regional Medical Director, Northwest Permanente, PC., 3600 


N. Interstate Ave., Portland, Oregon 97227. E.O.E. 


Northwest Permanente PC. 
Physicians and Surgeons 

































Pediatric 
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Thriving, established Ohio 
practice consisting of 
five ophthalmologists 
and otolaryngologist is 
expanding its 
subspecialty care. 


All in house equipment, 
including Yag and 
Argon/Krypton lasers. 
Strong referral base guar- 
antees good income. 
Excellent benefits and 
easy practice buy-in to 
full partnership. 


Applicants should be 
board-certified or -eligible 
with good surgical skills 
and patient rapport. 


Reply to: 
BOX #603, c/o AOP 


Neuro-Ophthalmology/ 


Oculoplastics 


Marshfield Clinic is seeking a 
fellowship trained neuro- 
ophthalmologist to join its nine 
member Ophthalmology Department. 
Additionally, a desirable candidate 
would also have interest and training 
in oculoplastics and/or orbital 
surgery. Existing staff includes one 
busy neoro-ophthalmologist and 
specialist in retina, cornea, 
glaucoma, and general 
ophthalmology. Marshfield Clinic is 
one of the nation's largest 
multispeciality group practices, with 
more than 300 physicians serving 
Central and Northern Wisconsin, 
more than 55 subspecialties, and an 
established research foundation. A 
924-bed acute care teaching hospital 
physically adjoins the clinic facility. 
Ample opportunity and support exists 
for clinical research and teaching. If 
interested, please call: 


Collect at (715)389-3225 
and ask for 
Dan Jacobson, M.D. 


Marshfield Clinic 









Fellowships 


OPHTHALMIC PLASTIC SURGERY FELLOWSHIP: 


Broad clinical experience provided. Over 1,500 
cases per year, Kresge Eye Institute affiliated. Con- 
tact: Dr. Gladstone or Dr. Nesi, 29201 Telegraph 
Road, Suite 305, Southfield, MI 48034. Fellowship 
begins July 1992. 





Faculty Positions 


ASSISTANT/ASSOCIATE PROFESSOR of Ophthal- 
mology — The University of Nebraska College of 
Medicine, Department of Ophthalmology is seeking 
a full-time academic ophthalmologist, with or with- 
out a sub-specialty interest. A strong commitment 
to resident, medical student teaching and research 
is essential. Requirements include completion of a 
satisfactory residency and American Board of Oph- 
thalmology eligibility or certification. Must have 
documented prior teaching and research experience. 
Salary and rank commensurate with education and 
experience. Health Professions (tenure-leading) 
appointment contract with potential for renewal. 
Position available immediately. Send curriculum 
vitae to: Michael Yablonski, MD, PhD, Professor and 
Chairman, Department of Ophthalmology, Univer- 
sity of Nebraska Medical Center, 600 South 42nd 
Street, Omaha, NE 68198-5540. (402) 559-4276. An 
equal opportunity/affirmative action employer. 


RETINA/VITREOUS 
OPHTHALMOLOGY 


FACULTY POSITION 


Retina/vitreous faculty position available, 
to begin on or before 01 July, 1991. Faculty 
member wanted to join full-time retina/vit- 
reous faculty in a busy academic practice 
with numerous Clinical and basic research 
opportunities available. State-of-the-art 
Clinical and surgical equipment is available 
in a modern clinical and hospital setting. 


Opportunities exist for research in digital 
imaging, proliferative vitreoretinopathy, cell 
growth modifications, visual function test- 
ing, and electrophysiology. 


Salary and academic rank are commensu- 
rate with experience. Interested individuals 
should forward curriculum vitae and four 
references to: 


Donald R. May, MD 

Professor and Chairman 
Department of Ophthalmology 
& Visual Sciences 


Texas Tech University 
Health Sciences Center 


Lubbock, Texas 79430 
(806) 743-2412 


Texas Tech University Health Sciences 
Center is an equal opportunity/affirmative 
action employer. 





FACULTY POSITION — Assistant professor (CHS) 
cornea and external eye disease. Develop and carry 
out an ophthalmological program in cornea/exter- 
nal eye diseases, including patient service, univer- 
sity outreach, teaching and research. Send CV to: 
George H. Bresnick, MD, Acting Chairman, Depart- 
ment of Ophthalmology, University of Wisconsin 
Medical School, F4/344 Clinical Sciences Center, 
600 Highland Avenue, Madison, WI 53792. An affir- 
mative action/equal opportunity employer. 


PLEASE NOTE—Address replies to box number 
ads as follows: Box number, , C/o AQP, 
P.O. Box 1510, Clearwater, FL 34617. 





Faculty Positions 


FACULTY POSITIONS AVAILABLE 


The Department of Ophthalmology at the Univer- 

sity of Kentucky invites applications for faculty 

positions in General Ophthalmology and Vitreo- 

Retina. Academic rank, title and salary based 

upon qualifications. Send CV and inquiries to: 
Robert S. Baker, MD 


Chairman 
Department of Ophthalmology 
UNIVERSITY OF KENTUCKY 
MEDICAL CENTER 
800 Rose Street 
Lexington, KY 40536-0084 
An equal opportunity/affirmative action employer. 





MOLECULAR GENETICS—The Wilmer Ophthal- 
mologic Institute of The Johns Hopkins University 
School of Medicine, invites applications for a full- 
time faculty position at the professor level, to direct 
a newly created molecular genetics unit. The unit 
will occupy approximately 5,500 square feet of new 
space, which will be finished by early summer, 1991. 
The successful candidate will be expected to develop 
a vigorous program in both basic and disease- 
related molecular genetics of the eye. We encour- 
age applications from established investigators with 
a strong track record in these areas. Scientists with 
previous experience in molecular genetics studies 
using other systems, but who are willing to switch 
the emphasis of their investigations to the eye, are 
also encouraged to apply. The position will offer 
extensive opportunities for interactions with oph- 
thalmologists and basic scientists interested in 
normal and pathological genetic mechanisms in the 
eye. A detailed curriculum vitae, including a list of 
publications and current grant support, a descrip- 
tion of current research interests, and three (3) let- 
ters of recommendation should be addressed to: 
Ruben Adler, MD, Chairman, Search Committee, 
The Johns Hopkins University School of Medicine, 
The Wilmer Institute, Maumenee 519, 600 North 
Wolfe Street, Baltimore, MD 21205. The Johns Hop- 
kins University is an affirmative action/equal oppor- 
tunity employer. 


GLAUCOMA/ANTERIOR 
SEGMENT 
FACULTY POSITION 


The Department of Ophthalmology at the 
University of Texas Medical Branch, is 
seeking an ophthalmologist with subspe- 
Cialty training in glaucoma with an interest 
in anterior segment. Duties include resi- 
dent teaching, patient care and research. 
Must be able to obtain a Texas medical 
license. Please send CV to: Bryon J. 
Bailey, MD, Chairman ad interim, UTMB, 
Department of Ophthalmology, Rt. G-87, 
Galveston, TX 77550. UTMB is an equal 
opportunity M/F/H/V, affirmative action 
employer. UTMB hires only individuals 
authorized to work in the United States. 





Directors Wanted 


RESIDENCY 
PROGRAM DIRECTOR 


Unique opportunity for dynamic, well-trained 
board-certified ophthalmologist to direct a resi- 
dency program in a tertiary hospital setting. Duties 
include: teaching and supervision of residents in 
an out-patient setting and in surgery selection of 
residents for the program, and administrative 
duties to assure compliance with RRC require- 


ments. Competitive compensation package for 
this full-time position. Reply in confidence to 


Norman R. Sobel, VP, Medical Services 
ST. FRANCIS 
MEDICAL CENTER 
45th Street (off Penn Avenue) 
Pittsburgh, PA 15201 
(412) 622-4397 
EOE 





GLAUCOMA 
FACULTY 
POSITION 


Full-time academic position is avail- 
able in the Glaucoma Section of the 
Department of Ophthalmology at 
Indiana University School of 
Medicine at the level of assistant 
professor on the tenure track. 
Qualifications for position are 
completion of accredited 
ophthalmology residency and 
glaucoma fellowship, board- 
certification or -eligibility and very 
strong interests in clinical and basic 
science research. Responsibilities 
include participating in curriculum 
development and teaching of 
residents and medical students, 
staffing private and clinic patients 
of Indiana University Hospitals, 
Wishard Memorial Hospital and VA 
Hospital. Individuals must have 
very strong Clinical interests and 
interests in clinical research, and be 
willing to support basic science 
research as well. 

Send CV and six letters of 
reference to: 


Robert D. Yee, MD 

c/o Sandra Eads 

Indiana University 
Department of Ophthalmology 
702 Rotary Circle #337B 
Indianapolis, Indiana 46202 
Indiana University is an equal 
opportunity action employer. 





Positions Available 


SOUTH GEORGIA— Positions available: General 


ophthalmology or any subspecialty. High starting 
salary plus incentive bonus and excellent benefits. 
Partnership available after one or two years. Con- 
tact, in confidence: Tom Whatley, 116 West Sturte- 
vant Street, Orlando, FL 32806. 


Medical Equipment/ Supplies 


BELROSE'S NEW UNITS—Motorized chair with 
foot pedals. Smoked grey with black tufted cushions 
with matching stand, three counter balanced arms, 
three wells with push button control for chair. Call 
for special price. Belrose, 3734 Oakton, Skokie, IL 
60076. (708) 675-2300. 


Miscellaneous 


INTERNATIONAL GLAUCOMA 
SYMPOSIUM 
Jerusalem, Israel, 18-21 March, 1991 


Contact: Ofakim Ltd. — |.G.S. Organizers 
5 Idelson Street, Tel Aviv, Israel 63324 


Telephone: 972-3-650514/7 


FAX: 972-3-650513 TELEX: 371254 





Positions Wanted 


OPHTHALMOLOGIST — Board-certified with 15 
years experience desires position in metropolitan 
Detroit area. Box #630, c/o AOP. 


VITREORETINAL SURGEON: Personable, ener- 
getic, caring individual with exceptional clinical 
skills and caseload experience desires to relocate to 
retina-only practice or large multi-specialty oph- 
thalmology group in metropolitan area. Reply: Box 
#636, c/o AOP. 
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Polytrim® Ophthalmic Solution Sterile 


(trimethoprim sulfate and polymyxin B sulfate) 


INDICATIONS AND USAGE: Polytrim Ophthalmic Solution is 
indicated in the treatment of surface ocular bacterial infections, 
including acute bacterial conjunctivitis, and blepharoconjunc- 
tivitis, caused by susceptible strains of the following microor- 
ganisms: Staphylococcus aureus, Staphylococcus epidermidis, 

pneumoniae, Streptococcus viridans, Haemophilus 
influenzae and Pseudomonas aeruginosa* * Efficacy for this or- 
ganism in this organ system was studied in fewer than 10 infec- 
tions. CONTRAINDICATIONS: Polytrim Ophthalmic Solution is 
contraindicated in patients with known hypersensitivity to any 
of its components. WARNINGS: NOT FOR INJECTION INTO THE 
EYE. If asensitivity reaction to Polytrim occurs, discontinue use. 
Polytrim Ophthalmic Solution is not indicated for the prophylaxis 
or treatment of ophthalmia neonatorum. PRECAUTIONS: 
General: As with other antimicrobial preparations, prolonged 
use may result in overgrowth of nonsusceptible organisms, 
including fungi. If superinfection occurs, appropriate therapy 
should be initiated. Information for Patients: Avoid contam- 
inating the applicator tip with material from the eye, fingers, or 
other source. This precaution is necessary if the sterility of the 
drops is to be maintained. If redness, irritation, swelling or pain 
persists or increases, discontinue use immediately and contact 
your physician. Carcinogenesis, Mutagenesis, Impairment of 
Fertility: Carcinogenesis: Long-term studies in animals to 
evaluate carcinogenic potential have not been conducted with 
polymyxin B sulfate or trimethoprim. Mutagenesis: Trimetho- 
prim was demonstrated to be non-mutagenic in the Ames assay. 
In studies at two laboratories no chromosomal damage was 
detected in cultured Chinese hamster ovary cells at concentra- 
tions approximately 500 times human plasma levels after oral 
administration; at concentrations approximately 1000 times 
human plasma levels after oral administration in these same cells 
a low level of chromosomal damage was induced at one of the 
laboratories. Studies to evaluate mutagenic potential have not 
been conducted with polymyxin B sulfate. Impairment of Fer- 
tility: Polymyxin B sulfate has been reported to impair the 
motility of equine sperm, but its effects on male or female fertility 
are unknown. No adverse effects on fertility or general reproduc- 
tive performance were observed in rats given trimethoprim in 
oral dosages as high as 70 mg/kg/day for males and 14 mg/kg/day 
for females. Pregnancy: Teratogenic Effects: Pregnancy 
Category C. Animal reproduction studies have not been 
conducted with polymyxin B sulfate. It is not known whether 
polymyxin B sulfate can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity. Trimetho- 
prim has been shown to be teratogenic in the rat when given in 
oral doses 40 times the human dose. In some rabbit studies, the 
overall increase in fetal loss (dead and resorbed and malformed 
conceptuses) was associated with oral doses 6 times the human 
therapeutic dose. While there are no large well-controlled studies 
on the use of trimethoprim in pregnant women, Brumfitt and Pur- 
sell, in a retrospective study, reported the outcome of 186 preg- 
nancies during which the mother received either placebo or oral 
trimethoprim in combination with sulfamethoxazole. The inci- 
dence of congenital abnormalities was 4.5% (3 of 66) in those who 
received placebo and 3.3% (4 of 120) in those receiving trimetho- 
prim and sulfamethoxazole. There were no abnormalities in the 
10 children whose mothers received the drug during the first 
trimester. In a separate survey, Brumfitt and Pursell also found 
no congenital abnormalities in 35 children whose mothers had 
received oral trimethoprim and sulfamethoxazole at the time of 
conception or shortly thereafter. Because trimethoprim may 
interfere with folic acid metabolism, trimethoprim should be used 
during pregnancy only if the potential benefit justifies the poten- 
tial risk to the fetus. Nonteratogenic Effects: The oral adminis- 
tration of trimethoprim to rats at a dose of 70 mg/kg/day com- 
mencing with the last third of gestation and continuing through 
parturition and lactation caused no deleterious effects on gesta- 
tion or pup growth and survival. Pediatric Use: Safety and 
effectiveness in children below the age of 2 months have not been 
established (see WARNINGS). ADVERSE REACTIONS: The most 
frequent adverse reaction to Polytrim Ophthalmic Solution is local 
irritation consisting of transient burning or stinging, itching or 
increased redness on instillation. These reactions occur in less 
than 4 of 100 patients treated. Polytrim has a low incidence of 
hypersensitivity reactions (less than 2 of 100 patients treated) 
consisting of lid edema, itching, increased redness, tearing and/or 
circumocular rash. Although sensitivity reactions to trimethoprim 
are rare, an isolated incident of photosensitivity was reported 
in a patient who received the drug orally. 


©  ALLERGAN PHARMACEUTICALS 


Allergan Pharmaceuticals, A Division of Allergan, Inc. 
Irvine, CA 92713 ©1990 Allergan, Inc. 
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DO NOT ACTIVATE PUMP READ 


| CAUTION: ATOUT CASSETTE N PLACE 






Penstaltic pump head with six-rollers 
delivers smooth uniform “flutter-free” 
flow across the entire variable 
aspiration range 


6682 


The TXR phaco handpiece and Six-roller peristaltic pamp True TXR modularity allows 


" tips are designed to deliver very head and fluid venting provide overnight servicing, economical 
smooth virtually “bubble-free” smooth aspiration flow to main- upgrades as required and virtually 
emulsification for visual clarity tain a consistent chamber eliminates obsolescence. 
throughout the procedure... and without surges or fluctuations. 'ontrol All of these TXR 
“lens chatter” is minimized. me features combine to provide 


ee & ) . unsurpassed control for the most 
54 KHz phaco system provides delicate and difficult procedures. 


5 


Added control and confidence the power to emulsify the Now you have the option of a 
with safe on demand reflux for hardest of cataracts ...with low Peristaltic or Diaphragm System 
incarcerated tissue or for maintain- end power control, down to and a choice at lour TXR mici. 
ing the anterior chamber when 10%, for the most delicate surgical modules to meet your 
entering the eye. of procedures. surgical needs. 
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Whats Been Missing 
From Your 


Ocular Anti-Infective 
Therapy? 


Polytrim Ophthalmic Solution, containin 
the antimicrobial agent trimethopni i s ee 
new ophthalmic anti-infective to appi pear i 
years. And it may be one of the mos : 

Polytrim Solution was pro 
clinically effective in the treatment 
bacterial conjunctivitis, blep anc Whlepharo- 
conjunctivitis in a rando; id double- masked 
comparative study. t ae 

In vitro, Poly olu tion is active 
against the m mon ocular pathogens, 
including vi { trair shown resistant to some 
other oc oc ( fectives, such as 


E es 
Coverage Of 
Trimethoprim & 


F į Polymyxin B 


F Streptococcus pneumoniae, Staphylococcus 


aureus, Haemophilus influenzae and 
Pseudomonas aeruginosa. ! In vitro data are not 
always predictive of clinical results. 

Polytrim Solution is well-tolerated, — 
demonstrating no corneal toxicity in clinical | 
trials. In a study involving over 800 patients, 
the incidence of hypersensitivity reactions was 
less tham2%. And that can mean better patient 
acceptance. 

So for effective, yet gentle, ocular anti- 
infective therapy, choose new Polytrim Solution. 

And experience well-tolerated, broad- 
spectrum ophthalmic coverage as you never 
have before. 


Polytrim 
Ophthalmic Solution Sterile 


(trimethoprim sulfate 0.1% & 
polymyxin B sulfate 10,000 cin) 


The everyday solution for ai aes 
spectrum ocular senteasiecve h there YPYo > 
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The eyes 
can be 
windows 
to a lot 
more than 
the soul. 


Some of the most poetic passages 
throughout history have been 
written about the eyes. 

But this isn't one of them. 


Ocular beta blockers can 
affect more than the eyes. 


Unfortunate, but true. Minutes 
after a single dose of an ocular 
beta blocker, the drug is detect- 
able in the plasma of most 
individuals.' And systemic 
absorption of a topical dose is 
more like an IV bolus than an 
oral dose. ' 

That's important when you 
consider that most glaucoma 
patients are elderly. With age 
comes a normal decline in physio- 
logic function and increased 
susceptibility to systemic disease.’ 
And concomitant systemic 40 


Percent remaining (average) 





Loss of efficiency with age of several 
human physiologic functions. 





Maximal _ 
breathing capacity 





medication increases the likelihood T4 


of adverse drug reactions.’ 


Vital 
capacity 


BETOPTIC® S (betaxolol HC! 
is the only beta-1 selective* oct 
beta blocker. That means you ( 
expect long-term maintenance í 
IOP reduction.’ A superior puln 
nary safety profile. Minimal 
cardiovascular effects.° Anda 
very low incidence of reported 
systemic side effects, including 
CNS effects.’ 

Doesn't it make sense to con 
sider BETOPTIC S when treating 
the elderly glaucoma patient? 





STOPTIC? S Sterile Ophthalmic Suspension has 

‘oduced minimal effects in patients with reactive airway 
sease; exercise caution in treating patients with 
cessive restriction of pulmonary function. Asthmatic 
tacks and pulmonary distress have been reported 

iring betaxolol treatment. Although kaalen of 
me such parents with ophthalmic betaxolol have not 


Iversely affected pulmonary function test results, the 
issibility of adverse pulmonary effects in patients 
nsitive to beta blockers cannot be ruled out. 

Contraindicated in patients with sinus bradycardia, 
eater than a first-degree atrioventricular block, 
rdiogenic shock, over: cardiac failure or 
persensitivity to any component of this product. Use 
ution in treating patients with a history of cardiac 
ilure or heart block. 

Observe patients receiving an oral beta blocker and 
STOPTIC S Suspension for potential additive effect on 
1own systemic effects of beta blockade. Exercise cau- 
in in patients receiving catecholamine-depleting drugs 
ch as reserpine and adrenergic psychotropic drugs. 

BETOPTIC S Suspension has been well tolerated in a 
ajority of patients. Discomfort of short duration upon 
stillation may be experienced. Systemic reactions have 
en reported rarely and a complete listing appears in 
le prescribing information. 
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The beta blocker with a 
technological difference. 


Suspension, 0.25% 


In: Modell W, ed. Drugs of Choice, 1984-1985. 
St Louis, Mo: CV Mosby Co;1984:2 
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. Data on file, Alcon Laboratories, Inc. 
. Schoene RB, et al. Effects of topical betaxolol, 


timolol and placebo on pulmonary function in 
asthmatic bronchitis. Am / Ophthalmol. 
1984;97:86-92. 


Please see brief summary of prescribing information adjacent to this advertisement 
©1990 Alcon Laboratories, Inc. 
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“Beta-1 selectivity is not absolute. 
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BETOPTIC® S (betaxolol HCI) 0.25% as base Sterile Ophthalmic Suspension 
DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolol hydrochloride, a 
cardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 
INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 
effective in lowering intraocular pressure and may be used in patients with chronic open-angle | 
glaucoma and ocular hypertension. It may be used alone or in combination with other intraocular 

pressure lowering medications. 

CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic ® 
Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 

atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. 

WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically. The 

same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 

occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 

including death due to bronchospasm in patients with asthma, and rarely death in association with 

cardiac failure, have been reported with topical application of beta-adrenergic blocking agents. 

BETOPTIC S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 

blood pressure in clinical studies. Caution should be used in treating patients with a history of cardiac 

failure or heart block. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be 3 : mie ger 

discontinued at the first signs of cardiac failure. The Journal of the American Medical Association 
PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 

with caution in patients subject to spontaneous hypoglycemia or to diabetic patients (especially those 

with labile diabetes) who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 

blocking agents may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 

adrenergic blocking agents may mask certain Clinical signs (e.g., tachycardia) of hyperthyroidism. 

Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 

withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 

Muscle Weakness. Beta-adrenergic blockade has been reported to potentiate muscle weakness 

consistent with certain myasthenic symptoms (e.g., diplopia, ptosis and generalized weakness). 

Major Surgery. Consideration should be given to the gradual withdrawal of beta-adrenergic blocking 

agents prior to general anesthesia because of the reduced ability of the heart to respond to beta- 

adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 

treatment of glaucoma patients with excessive restriction of pulmonary function. There have been 

reports of asthmatic attacks and pulmonary distress during betaxolo! treatment. Although 

rechallenges of some such patients with ophthalmic betaxolol has not adversely affected pulmonary 

function test results, the possibility of adverse pulmonary effects in patients sensitive to beta blockers 

cannot be ruled out. Drug Interactions: Patients who are receiving a beta-adrenergic blocking agent 

orally and BETOPTIC S Ophthalmic Suspension 0.25% should be observed for a potential additive 

effect either on the intraocular pressure or on the known systemic effects of beta blockade. Close 

observation of the patient is recommended when a beta blocker is administered to patients receiving 

catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 

production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent; therefore, 

caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Ocular: In 

patients with angle-closure glaucoma, the immediate treatment objective is to reopen the angle by 

constriction of the pupil with a miotic agent. Betaxolol has little or no effect on the pupil. When 

BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angle- 

closure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 

Impairment of Fertility: Lifetime studies with betaxolol HC! have been completed in mice at oral 

doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolol HCI demonstrated no 

carcinogenic effect. Higher dose levels were not tested. In a variety of in vitro and in vivo bacterial and 

mammalian cell assays, betaxolol HC] was nonmutagenic. Pregnancy: Pregnancy Category C. 

Reproduction, teratology, and peri- and postnatal studies have been conducted with orally 

administered betaxolol HCI in rats and rabbits. There was evidence of drug related postimplantation 

loss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolol HC! was 

not shown to be teratogenic, however, and there were no other adverse effects on reproduction at 

Subtoxic dose levels. There are no adequate and well-controlled studies in pregnant women. 

BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to 

the fetus. Nursing Mothers: It is not known whether betaxolol HCI is excreted in human milk. Because 

many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 
Suspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in 
children have not been established. 
ADVERSE REACTIONS: Ocular: In clinical trials, the most frequent event associated with the use of 
BETOPTIC S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 





conditions have been reported in small numbers of patients: blurred vision, corneal punctate keratitis, | JAMA’s “CME Forum” will provide a new resource 
foreign body sensation, photophobia, tearing, itching, dryness of eyes, erythema, inflammation, 

discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported for physicians seeking continuing medical educa- 
with other formulations of betaxolol include allergic reactions, decreased corneal sensitivity, edema 

and anisocoria. Systemic: Systemic reactions following administration of BETOPTIC S Ophthalmic | i iti : : i ; 

Suspension 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include: | tion opportunities nationwide. Starting n January, 
Cardiovascular: Bradycardia, heart block and congestive failure. Pulmonary: Pulmonary distress 1991, the “CME Forum” will appear each week in 


characterized by dyspnea, bronchospasm, thickened bronchial secretions, asthma and respiratory 
failure. Central Nervous System: Insomnia, dizziness, vertigo, headaches, depression, and lethargy. 
Other: Hives, toxic epidermal necrolysis, hair loss, and glossitis. 

OVERDOSAGE: No information is available on overdosage of humans. The oral LD50 of the drug 
ranged from 350-920 mg/kg in mice and 860-1050 mg/kg in rats. The symptoms which might be 


JAMA, referenced in the table of contents. 


expected with an overdose of a systemically administered beta-1-adrenergic receptor blocking agent i ” Aasi icti 
are bradycardia, hypotension and acute cardiac failure. A topica! overdose of BETOPTIC S Ophthalmic The “CME Forum” will offer new listings each week 
Suspension 0.25% may be flushed from the eye(s) with warm tap water. ina high visibility format for ease of reference Look 


CAUTION: Federal (USA) Law Prohibits Dispensing Without a Prescription. 


U.S. Patent Nos. 4,252,984; 4,311,708; 4,342,783;4,911,920. Be Š ET , 
ENNE MOE 1,282,004 4,541,708; 4.342,783;4,9 to JAMA’s “CME Forum” for continuing medical edu- 


cation opportunities in your subject of interest. 
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I Knew... 
I Should Have Called Lombart 


Are you tired of waiting for your instruments Our offices coast to coast allow us to give not just 
to arrive? Have you been delivered excuses instead better service, but the best. 
of what you ordered? You should have listened . < Commitment. Responsibility. Attention 
to your colleagues when they told you to I to detail. Responsiveness to customer 
call Lombart. bo ) needs. On-time delivery. Integrity. 
Today's market is flooded with in- | | — Trust. Products customers need. When 
strument dealers. Many are retailers, | SOP __ they need them. At a reasonable price. 
labs, or undercapitalized one-man shows 7Y It’s no wonder why... 
that disappear as fast as they appear. 
Since 1980, over ha:fa dozen large instru- NO ONE SELLS MORE TH. LOMBART. 






ment dealers have closed shop, some by 
force! But one company is still going 
strong, Lombart Instrument Company. 
After nearly half a century, we are still 
the industry leader. No retail stores. No 
labs. No frames. No contact lenses... 
JUST OPHTHALMIC INSTRUMENTS. 
Our $6 million inventory allows 
us to deliver equipment, not excuses. 


= yaa NO ONE. 


< 
LOMBART 
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LOMBART INSTRUMENT COMPANY + 5358 robin hood rd. + norfolk, virginia 23513-2407 + FAX (804) 855-1232 + (804) 853-8888 + (800) 446-8092 
LOMBART INSTRUMENT SOUTHWEST -+ 801 avenue k « plano, texas 75074-8503 - FAX (214) 423-6847 + (214) 881-8303 + (800) 443-0120 
LOMBART INSTRUMENT WEST + 8676 commerce ave. « san diego, california 92121-2613 » FAX (619) 578-8369 + (619) 578-2020 + (800) 537-2020 
LOMBART INSTRUMENT NORTHEAST « p.o. box 1722 + rutherford, new jersey 07070-0722 + FAX (804) 855-1232 + (201) 387-0764 + (800) 223-3937 
LOMBART INSTRUMENT SOUTHEAST « 8208 cortez road west « bradenton, florida 34210-2423 » FAX (804) 855-1232 » (813) 794-1606 + (800) 782-8570 
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When something is missing, 
it’s just not the same. 


No matter what they do, single-polymer tear supplements will always be missing 
something found in Tears Plus® Lubricant Ophthalmic Solution—a second polymer. 


Two polymers, not one, to provide comfort and help maintain the corneal and 
conjunctival health jeopardized by dry eye. 


One polymer is povidone (polyvinylpyrrolidone 0.6%). Povidone, a wetting 
agent with mucin-like properties, helps coat the conjunctival surface. 


The other is Liquifilm® (polyvinyl alcohol 14%). Liquifilm spontaneously 
coats the ocular surface and provides prolonged surface contact time to sustain 
comfort. In combination, Liquifilm and povidone provide a unique polymeric 
action to help supplement both aqueous and mucin deficiencies, stabilize 
precorneal tear film and sustain patient comfort. 


In addition, Tears Plus Ophthalmic Solution is preserved with chlorobutanol 
0.5%. Chlorobutanol is not cytotoxic to the surface epithelium! and does 
not adversely affect the lipid layer? All of 


which makes Tears Plus Ophthalmic DUAL-POLYMER 


Solution a little different. 


® 
Two polymers or 
one. In lubricant | 
ophthalmic solutions, 
that’s a difference you Lubricant Ophthalmic Solution 


can count on. The Extra Polymer You May 
Be Missing. 
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2. Holly FJ. Surface chemical evaluation of artificial tears and their ingredients. II. Interaction with a superficial lipid 
layer. Contact Lens 1978 July/Sept;4(3):52-65. 
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The objectives and goals of the Archives of 
Ophthalmology are education: To inform its readers of 
progress, problems, and pertinent research in the 
practice of ophthalmology through the publication of 
original contributions and observations. 
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All articles published, including editorials, letters, and 
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Medical Association, the Editorial Board, or the institu- 
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affiliation of all authors and city location. It should also include the 
address (if different from the senior author’s) to which requests for 
reprints should be sent. 


Informed Consent.— Manuscripts reporting the results of experi- 
mental investigations of human subjects must include a statement to 
the effect that legal requirements governing consent were met. 

Refer to patients by number, eg, patient 1 (or, in anecdotal reports, 
by fictitious given names). 
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Financial Disclosure. —If the article discusses in any way a de- 
vice, equipment, an instrument, or a drug, the author(s) must state in 
a footnote whether they do or do not have any commercial or propri- 
etary interest in the product or company. Likewise, they must reveal 
whether they have any financial interest or receive payment as a 
consultant, reviewer, or evaluator. In addition, authors must disclose 
any financial interest owned by a spouse, minor child, or relative 
living in the same household, or known to be held by the author's 
employer, partner, or business associate. In addition to footnoting 
proprietary interest, the following statement must be true: 

“All affiliations with or involvement in any organization or entity 
with a direct financial interest in the subject matter or materials 
discussed in the manuscript (eg, employment, consultancies, stock 
ownership, honoraria) have been disclosed in an attachment. I under- 
stand that such affiliation(s) will not affect consideration of the manu- 
script but may be published as a footnote if the manuscript is 
accepted.” 


Note: Research or project support should be listed in an 
acknowledgment. 


Abstract.— Provide an abstract (135-word maximum) of the arti- 
cle, including statements of the problem, method of study, results, 
and conclusions. The abstract should be specific and sufficiently 
complete to allow the reader a quick evaluation of the paper. Do not 
include a “summary” section in the main manuscript. 


References. — List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in the 
text or tables. Unpublished data and personal communications should 
not be listed as references but parenthetically within the text. Refer- 
ences to journal articles should include (1) author(s) (if more than six, 
write “et al” after the third name), (2) title, (8) journal name (as 
abbreviated in Index Medicus), (4) year, (5) volume number, and 
(6) inclusive page numbers, in that order. References to books should 
include (1) author(s), (2) chapter title (if any), (3) editors (if any), 
(4) title of book, (5) city of publication, (6) publisher, (7) year, and 
(8) page, if indicated. Authors are responsible for the accuracy of 
the references. 


SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (Exceptions are visual acuity measure- 
ments and intraocular pressure recordings. ) 


Illustrations. — Use only those illustrations that clarify and aug- 
ment the text. More than ten total illustrations per manuscript 
would have to be justified. Submit illustrations (5 x 7 in) in triplicate, 
unmounted and untrimmed, each set separately packaged. Do not 
send original artwork. Send high-contrast glossy prints. Figure num- 
ber, name of senior author, and arrow indicating “top” should be 


PLEASE NOTE: Most COMMON ERRORS TO AVOID 
FOR BoTH ORIGINAL ARTICLES AND LETTERS TO THE EDITOR 


— (1) Failure to send original typed manuscripts plus two 
copies. 

— (2) Failure to double-space entire manuscript (abstract, 
references, legends, and tables). 

(3) References not in proper format, not in numerical or- 
der, or not cited in text. 

(4) Use of 1 '/2-spacing rather than double-spacing. Do not 
justify right margins. 

(5) Failure to send three sets of illustrations/photographs 
or original color slides plus two sets of color prints. 

(6) Title too long. 

(7) Failure to label abstract or to provide abstract (not 
needed for letters to the editor, case reports, photo 
essays). Abstract too long. 

(8) Incomplete or improper consent forms for patient pho- 
tographs; improper or incomplete legends. 

(9) Failure to include copyright transmittal form (needed 
for both original articles and letters to the editor). 
Failure to include proprietary statement. 

—(10) Failure to include all authors’ personal signatures on 
copyright transmittal form (see paragraph 3). 

—(11) Failure to designate the corresponding author and pro- 
vide phone number and address. 

—(12) Failure to include consent forms for illustrations previ- 
ously published elsewhere. Failure to indicate willing- 
ness to pay for author's share of color illustrations. 
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typed on a gummed label and affixed to the back of each illustration. 
Illustrations submitted for publication may be relettered to achieve 
uniformity of lettering style throughout the journal. Magnification 
and stain should be provided when pertinent. 

Illustrations in full color are accepted for publication if the editors 
believe that color will add significantly to the published manuscript. 
Please submit one set of positive transparencies (35 mm slides) and 
two sets of color prints. The ARCHIVES will pay part of the expense of 
reproduction and printing color illustrations, the remainder to be 
borne by the author. Submit a statement indicating author's willing- 
ness to accept this cost. After deducting the ARCHIVES’ contribution, 
the author's share is $400 for up to six square-finished illustrations 
that can be arranged on a one-page layout. Any additional illustra- 
tions or special effects will be billed to the author at cost. 


Legends. — Legends must be typed double-spaced, beginning on a 
separate sheet of paper. Length should be limited to a maximum of 40 
words and should allow the illustration to be fully understandable 
without recourse to the text. Use arrows, letters, etc, for enhanced 
understanding. 


Authorized Use of Photographs.—Recognizable photographs 
may be taken and published only if specifically consented to by the 
patient. To facilitate proof, the consent should be in writing. Any 
restrictions or limitations on the consent must be strictly observed; 
eg, eyes are blocked out only as a condition of consent. Consent forms 
must include a specific statement that photographs and information 
related to a case may be published either separately or in connection 
with each other, in professional journals or medical books, provided 
that it is specifically understood that the patient shall not be identified 
by name. Parental consent for publication of photographs and infor- 
mation related to the case must include signature of both living 
parents. Consent releases for minors without living parents must be 
signed by the legally appointed guardian. Submit consent forms with 
the manuscript. 


Acknowledgments. — Illustrations from other publications are 
rarely published but if used must be acknowledged. Include the 
following when applicable: author(s), title of article, title of journal or 
book, volume number, page(s), month, and year. The publisher's 
permission to reprint must accompany the manuscript. 


Statistical Consultation. — We recommend that statistical consul- 
tation be obtained as early as possible for studies with statistical 
content. The name and affiliation of the statistical consultant (if 
different from the author should be included. 


Animal Experimentation.—In the case of animal experimenta- 
tion, please indicate in the “Methods” section what animal handling 
protocols were followed, eg, “Institutional guidelines regarding ani- 
mal experimentation were followed.” 

Tables. —Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 x 27.9-cm (81/2 x 11-in) paper. 
Do not use larger paper. If a table must be continued, use a second 
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sheet and repeat all heads and stubs. Each table must have a title. 


Photo Essay. — Manuscripts for this section should emphasize the 
visual aspects of the subject presented and should be sent directly to 
the Editor of the ARCHIVES. The picture(s) should be of high quality 
and should be self-explanatory. The photographs can be of clinical 
entities, laboratory studies and findings (eg, smears, histologic sec- 
tions), diagnostic techniques (roentgenograms, computed tomo- 
graphic scans, magnetic resonance image, ultrasound, etc), thera- 
peutic procedures, or a combination. The photo essay should not 
necessarily result in a brief clinicopathologic report. Rather, it should 
be a collection of photos that convey an important laboratory or 
clinical diagnosis and/or management story that becomes self evident 
upon inspection of the illustrations. A concise essay, limited to 250 
words, describing the clinical or laboratory information, photo- 
graph(s), and a brief list of references (five or fewer), if pertinent, 
should be submitted in triplicate. There is no limit on the number of 
photos, but articles will be limited to one or two printed pages, and all 
material must fit into this format. Refer to the general “Instructions 
for Authors” for other requirements (especially the illustrations). 


Questions and Answers.—Questions for this section should be 
submitted to Stewart M. Wolff, Section Editor, Archives of Ophthal- 
mology, 11 E Chase St, Baltimore, MD 21202. Such questions are 
subject to editorial review and editing and will be published as space 
and editorial priorities permit. Questions should not exceed six dou- 
ble-spaced type lines. A signed copyright transfer letter must be 
included (see the first page of “Instructions for Authors” for copy- 
right transfer information). 


Correspondence and Case Reports. —Contributions to this sec- 
tion may include comments on articles published in the ARCHIVES, 
informative case reports, or other matters of ophthalmic interest. 
Such letters are subject to editorial review and will be published as 
space and editorial priorities permit. Published letters will be listed 
by author and title in the table of contents, and authors and subjects 
are indexed by the major indexing services. Letters to the Editor and 
Case Reports ordinarily should not exceed 500 words in length. There 
should be a maximum of three references. Two figures or one figure 
plus one table can be printed. The typescript should be double-spaced 
with a ragged right hand margin and submitted in triplicate. A 
copyright transmittal letter signed by all authors must accompany 
the letter. Please refer to “Instructions for Authors” for additional 
requirements. 


Reprints. — Reprints can be ordered at the time the typescript is 
returned after editorial processing. 


AMA Manual of Style.—This 1988 edition, formerly the Manual 


for Authors & Editors, is available from Williams & Wilkins, 428 E 


Preston St, Baltimore, MD 21202. Single copy price: $26.95. A ship- 
ping charge is added on all orders not prepaid. If additional ordering 
information is needed, or to order by telephone, call 1-800-638-0672. 


From the Archives of the Archives 


Sixty years ago... 


Obviously the cause of failure in any surgical operation is the exercise of poor judgment. In a certain percentage of cases 
this may result in erroneous diagnosis. Again, failure may originate from the improper selection of the operative proce- 
dure, or the application of a procedure much too vigorous for the particular patient. In another group of cases the failure 
may be closely associated with the surgeon’s inability to exercise his best surgical sense in the various eventualities that 


may arise in a complicated case. 


It is essential, therefore, that the student of ophthalmology who is doing postgraduate work should have the counsel and 
results of a surgeon of experience as a guide, so that he may avoid pitfalls that have been found to have a remedy. It is not 
sufficient that he witness display of skill, and marvel at the dexterity of some master, since ambition to imitate takes one 
over perilous paths. Rather should he interest himself in the various steps that have led up to the operation, and the se- 
quences that follow when the patient has left the operating table. Knowledge of this character places him in command of 
the situation, and the mechanical features of the operations fall into their proper relation to the other factors in ophthalmic 


surgery. 


Edited by Julie Foreman, Associate Editor 
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SOURCE: Fox LW. Causes of failure in ophthalmic operations. 


Arch Ophthalmol. 1930;3:695. 
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Presenting the most technically advanced 
Fundus Laser Contact Lenses yet! The new 
Volk Area Centralis® and TransEquator® 
lenses join the popular QuadrAspheric® 
lens to provide the diagnostic and 
therapeutic choices you need. 


All three lenses are available with Volk’s 
new AR/DI® Laser Coating for both 
argon and diode laser,” or standard 
SupraCoat multi-layer AR Coating. 


Area Centralis: The high magnifi- 
cation Area Centralis lens is ideal for 
detailed disc and macular exami- 
nations and laser therapy in the 
central retinal area. An unusual 
equator to equator fundus view is 
obtainable with this high 1.0 
magnification laser lens along with an 
improved slit lamp working distance. 
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TransEquator: The TransEquator lens 
provides an excellent combination of 
both field and magnification making 
it an outstanding general diagnostic 
and pan retinal photocoagulation lens. 
Fundus views up to and beyond the 
equator are immediately obtainable. 


QuadrAspheric: Providing the 
widest 130° field of view, the 
high power, lower magnification 
QuadrAspheric lens presents a 
single view including both the 
macular and peripheral retinal 
regions. An excellent lens for 
pan retinal photocoagulation 
and vitrectomy, the QuadrAspheric 
distinguishes itself as an ideal lens 
for smaller pupil fundus examination. 
*Volk AR/DI Laser Coating uniquely 
provides high anti-reflective characteristics 
within the visible spectrum as well as peak 


performance for argon (488/512 nm) and 
infrared diode (810 nm) lasers. 
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an “Ophthalmology Update” episode 
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The Leader in Aspheric Optics times in your area. 


7893 Enterprise Drive, Mentor, Ohio 44060 U.S.A. 
Phone: (216) 942-6161 800-345VOLK 
Fax: (216) 942-2257 
Visit our booth at the Royal Hawaiian Eye Meeting, January 19-26. 
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transmission characteristics within the visible 
spectrum for standard diagnosis as well as 
peak performance for argon (488/512nm) gj 
and infrared diode (810nm) lasers. These 3 
new lenses are the ideal choice when laser | ¥, 
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Laser Plus lenses are designed for use with S 
both the slit lamp and indirect ophthalmo- 
scope and are available in the following 
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*Spectral Transmission Graph 
of Volk AR/DI® Laser Coating 
with peak efficiencies shown 
at 500nm and 810nm. 


Volk lenses can be ordered 
from any authorized Volk 
distributor or by calling Volk 
direct. 
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Fibrinous Reaction Occurs Until 8 Days After Intraocular 
Lens Implantation 


To the Editor.—In a series of 1663 consecutive patients who 
had undergone extracapsular cataract extraction and im- 
plantation of a posterior chamber intraocular lens (IOL), a 
pronounced fibrinous reaction on the anterior surface of the 
lens requiring subconjunctival injection of steroids for at 
least 3 days occurred in 32 (1.9% ) eyes. The time of occur- 
rence was from day 1 to day 8, with the mean on day 4.5 
(Figure). 

In 11 of the patients, both eyes had been operated on. In 
4 of those, the fibrin occurred in the first eye operated on, 
and in 7, in the second eye operated on. In none of the pa- 
tients did it develop in both eyes. Thus, an immunologic re- 
action as the underlying cause is very unlikely. 

In all 42 cases, the condition was treated promptly, ie, 
within 12 hours of its first occurrence, by subconjunctival 
injection of 8 mg of dexamethasone-21-dihydrogen phos- 
phate disodium for 3 to 5 days. The treatment was success- 
ful in all cases. Eventually, 11 (34.4% ) of these patients de- 
veloped posterior synechiae as opposed to a general inci- 
dence of synechiae in only 3.6%. In none of the eyes was a 
removal of the IOL necessary. 

The average visual outcome in the group was 0.48, com- 
pared with 0.6 in the remaining eyes. 

In conclusion, a pronounced fibrinous reaction may occur 
up to the eighth postoperative day. Under subconjunctival 
steroid treatment it subsides within 5 days and never 
requires removal of the IOL when treated promptly and 
adequately. Therefore, daily follow-up visits are necessary 


Occurrence of fibrinous reaction. 


% 


Postoperative Day 
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until 8 days after uneventful extracapsular cataract ex- 
traction with implantation of a posterior chamber IOL. 
MANFRED SPITZNAS, MD 
DIRK WERDERMANN 
THORSTEN BOKER, MD 
Bonn, Federal Republic 
of Germany 


Quantification of Afferent Pupillary 
Defect by Double Polarized Filter 


To the Editor.—Thompson! has studied the afferent pupil- 
lary defect and has increased the precision of its measure- 
ment by placing neutral density filters in front of the nor- 
mal eye sufficient to equalize the direct and consensual 
reflexes.’ A portable device has been recently developed and 
marketed that uses rotating double polarizing filters to 
produce quantifiable neutral density filters over either eye. 
I have found it useful in quantification of afferent pupillary 
defects. 

A spectacle with bilateral, rotating, polarizing filters is 
available as a part of the Threshold Amsler Grid (Stereo 
Optical Co, Inc, Chicago, Ill). Each ocular is calibrated so 
rotation of the polarizing filter can be measured from 0° to 
90° in 5° increments. The illumination through an ideal 
double polarizing lens, I, is related to the maximal illumi- 
nation through a double polarizing lens, Io, by the relation- 
ship 

I = I, cos? O (Malus’ law’), 
where © is the angle between the polarizing lenses. By this 
relationship, equivalent neutral density corresponds to ro- 
tating one polarizer by the following: 


Neutral Density Filter 6 
1 log unit 45° 
2 log units 60° 
3 log units 70° 
4 log units 75° 


Asymmetric neuroretinal dysfunction can be calibrated 
in adults using the rotating polarizer spectacles and a 
swinging flashlight test. Marcus Gunn defects in children 
can be calibrated using these spectacles and the swinging 
flashlight component of Briickner’s red reflex test (Figure).‘ 

The rotating polarizer spectacles were compared with 
combinations of 1, 2, and 4 neutral density photographic 
filters in the quantification of relative afferent pupillary 
defects (Table). 

Where neutral density (ND) is the loose filter sum and 0 
is the angle between the polarizing filters over the better eye 
required to neutralize the afferent pupillary defect, linear 
regression yields the following formula: 


ND = 0.85 (—log, [cos? 0]) +2.3; 7? = .94, P = .0001. 
Integer loose neutral density precision and imperfect po- 


larization by dichromic polaroid lenses in the spectacles 
contribute to nonlinearity in the regression. 
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Assessment of relative afferent pupillary defect utilizing rotating double 
polarizing spectacles and swing red reflex test. 





The rotating polarizer spectacles offer advantages over 
the loose filter technique of Thompson et al because the dark 
frame reduces “errors... produced by light spilling over 
the edges of the filter” and the rotating polarizers provide 
a convenient range of quantifiable neutral density rather 
than “trying to peek around a fistful of filters.’ A disad- 
vantage of the spectacles is that illumination of the affected 
eye, I,, is reduced because the double polarizers approxi- 
mate a 1.5-neutral density filter even when 0 = 0°. As such, 
the Marcus Gunn pupil can be viewed around the side of the 
spectacles or a bright direct ophthalmoscope can be used for 
a swinging flashlight red reflex in a dim room. The time re- 
quired to neutralize relative afferent pupillary defects was 
similar between loose filters and the double polarizing 
spectacles. 

ROBERT W. ARNOLD, MD 
Anchorage, Alaska 


The author has no commercial or proprietary interest in Stereo Optical Co. 


1. Thompson HS. Afferent pupillary defects: pupillary defects associated 
with the afferent arm of the pupillary light reflex arch. Am J Ophthalmol. 
1966;860:6-28. 

2. Thompson HS, Corbett JJ, Cox TA. How to measure the relative 
afferent pupillary defect. Surv Ophthalmol. 1981;26:39-42. 

3. Besancon RM, ed. Encyclopedia of Physics. New York, NY: Van Nos- 
trand Reinhold Co; 1985:952. 

4. Tongue AC, Cibis GH. The Briickner’s test. Ophthalmology. 1981; 
88:1041-1044. 


The Cocaine Test and Horner’s Syndrome 


To the Editor.—I read with interest the article by Kardon 
et al' on the use of the cocaine test in the diagnosis of 
Horner’s syndrome. Their study supports the fact that co- 
caine can distinguish a patient with Horner’s syndrome 
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from a patient without. The major emphasis of their arti- 
cle is that the degree of physiologic anisocoria after instil- 
lation of cocaine provides a better prediction of Horner’s 
syndrome than the actual change of anisocoria noted 
between the precocaine and postcocaine conditions. They 
note that with a 1.0-mm anisocoria after cocaine instilla- 
tion, the odds of having Horner’s syndrome were 5990 to 1. 
Although this odds ratio may be valid for their study, in 
which the control population had no anisocoria, I believe it 
may be misleading. Clinically, one rarely has to distinguish 
between normal pupils, as in their control patients with no 
anisocoria, and Horner’s syndrome. In practice, one must 
often distinguish between physiologic anisocoria and 
Horner’s syndrome. There is no evidence in this article to 
suggest that a patient with 1.0 mm of physiologic anisoco- 
ria would not have the same degree of anisocoria after in- 
stillation of cocaine. Before claiming that such a patient has 
Horner’s syndrome, the authors must study a control group 
of patients with physiologic anisocoria. I suspect that such 
patients would have a symmetric degree of dilatation, as 
has been observed most often in normal controls.’ There- 
fore, the degree of change in anisocoria rather than the ab- 
solute value of postcocaine anisocoria would be diagnosti- 
cally more valuable. 
MARK L. MOSTER, MD 
Philadelphia, Pa 


1. Kardon RH, Denison CE, Brown CK, Thompson HS. Critical evaluation 
of the cocaine test in the diagnosis of Horner’s syndrome. Arch Ophthalmol. 
1990;108:384-387. 

2. Friedman JR, Whiting DW, Kosmorsky GS, Burde RM. The cocaine test 
in normal patients. Am J Ophthalmol. 1984;98:808-810. 


In Reply.—When we began our evaluation of the cocaine 
test for Horner’s syndrome, we assumed that the net change 
in anisocoria (anisocoria after cocaine instillation minus 
baseline anisocoria) would be the best indicator to distin- 
guish patients with an oculosympathetic deficit from pa- 
tients with pseudo-Horner’s syndrome (ptosis and/or mio- 
sis). However, at the end of our study, the logistic regres- 
sion analysis indicated that measuring anisocoria after 
cocaine instillation was just as good, if not better, in distin- 
guishing the patients with Horner’s syndrome from the 
normal control group. The Figure shows how this might be 
possible. We have plotted the initial anisocoria vs the 
anisocoria after cocaine instillation for both the patients 
with Horner’s syndrome and the normal control subjects 
reported in our study. 

There was, indeed, a baseline anisocoria in many of our 
normal control subjects, and some overlap with the patients 
with Horner’s syndrome (Figure). Of equal importance is 
that most of the normal subjects with an initial anisocoria 
responded to cocaine with a decrease in anisocoria (their 
anisocoria after cocaine instillation became less). In addi- 
tion, most normal subjects with simple anisocoria in clinic 
lighting had a much smaller anisocoria compared with 
those with Horner’s syndrome. In fact, we have found that 
the amount of baseline anisocoria alone is of some small 
clinical value in recognizing the patients with Horner’s 
syndrome. A definite positive correlation exists between the 
amount of baseline anisocoria and the increase caused by 
administration of cocaine in the patients with Horner’s 
syndrome. Therefore, even the patients with Horner’s syn- 
drome who show only a minimal cocaine mydriasis in the 
normal eye can often be distinguished from normal subjects 
with simple anisocoria because their anisocoria after co- 
caine instillation will still be substantial. These same 
patients will have only a small change in anisocoria after 
cocaine administration because the initial anisocoria has 
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Line Where No Change in 
Anisocoria Occurred 


Anisocoria After Cocaine Instillation, mm 


Baseline Anisocoria, mm 

Effect of topical cocaine on anisocoria. The baseline anisocoria is plot- 
ted against anisocoria after cocaine for 119 patients with a clinical di- 
agnosis of Horner’s syndrome (squares), 50 normal subjects (crosses), 
and four patients who presented with pseudo-Horner’s syndrome (cir- 
cles). For normal subjects and patients with pseudo-Horner’s syn- 
drome, the anisocoria was calculated with respect to the smaller pupil 
at the baseline measurement (largest pupil at baseline minus smaller 
pupil at baseline). For patients with Horner’s syndrome, the anisocoria 
was Calculated with respect to the side with the oculosympathetic de- 
fect (normal pupil minus sympathetically denervated pupil). Points that 
lie above the diagonal line of unity show an increase in anisocoria after 
cocaine, and points that lie below the line show a decrease in anisoco- 
ria following cocaine. Points that lie along the line represent those cases 
in which the cocaine had no effect on anisocoria (initial anisocoria equals 
anisocoria after cocaine). 


already been subtracted from it. 

We also looked for patients with simple anisocoria or 
pseudo-Horner’s syndrome who had cocaine testing but 
who did not have an oculosympathetic defect based on our 
criteria (Figure). Two of the patients exhibited a decrease 
in anisocoria in response to cocaine. In fact, the anisocoria 
after cocaine administration switched sides so that the eye 
that was initially more miotic became the eye with the 
larger pupil after cocaine, unlike any patient with Horner’s 
syndrome. The other two patients with pseudo-Horner’s 
syndrome showed almost no change in anisocoria; the an- 
isocoria after cocaine instillation was the same as before the 
cocaine. In these two patients who did not have Horner’s 
syndrome, the anisocoria after cocaine would have pre- 
dicted an odds ratio of having an oculosympathetic deficit 
of only 6:1 at the lower 95% confidence limit, compared with 
2:1 if the change in anisocoria was used, not a significant 
difference. In our original article, we included the odds ra- 
tio graph for change in anisocoria too, so that readers could 
compare the results of using either this graph or the graph 
illustrating anisocoria after cocaine. We would welcome 
any feedback as to their usefulness, and how they compare 
in those cases in which the diagnosis of Horner’s syndrome 
is otherwise equivocal. 

In summary, odd as it may seem, “postcocaine anisoco- 
ria” is just as useful in helping distinguish patients with 
oculosympathetic deficits as is change in anisocoria. This is 
because most of our normal subjects with simple anisoco- 
ria seemed to respond to cocaine with a decrease in aniso- 
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coria. In addition, most patients with Horner’s syndrome 
have an initial baseline anisocoria that is greater than that 
seen with simple anisocoria (although there is some over- 
lap); even in the patients with Horner’s syndrome in whom 
cocaine has little effect in the normal eye, the anisocoria 
after cocaine is still greater than in subjects with pseudo- 
Horner’s syndrome. Finally, as we stated at the end of our 
article, “the cocaine test is just one of the indicators of 
Horner’s syndrome; in the absence of other characteristic 
signs, a given amount of postcocaine anisocoria does not 
make the diagnosis of Horner’s syndrome.” We are pres- 
ently evaluating the other signs, such as the amount of 
ptosis and anhidrosis, to see how much weight each has in 
the diagnosis of an oculosympathetie deficit. 

RANDY H. KARDON, MD, PHD 

CHAD E. DENISON 

CARL K. Brown, MS 

H. STANLEY THOMPSON, MD 

Iowa City, lowa 


Amiodarone-induced Lens Opacities: 
An 8-Year Follow-up Study 


To the Editor.—Amiodarone hydrochloride is a benzo- 
furane derivative used for cardiac abnormalities. It has re- 
cently been approved by the Food and Drug Administration 
for use in cardiac arrythmias (Cordarone; Wyeth, Philadel- 
phia, Pa). Eight years ago, visually insignificant anterior 
subcapsular (ASC) lens opacities were reported in seven of 
14 patients using moderate to high doses of amiodarone who 
were treated at the Veterans Affairs Medical Center in San 
Francisco, Calif.! A summary of the present ocular status 
of these 14 patients 8 years later is provided in the Table. 

The first report of lens opacities in patients receiving 
amiodarone describes them as anterior, subcapsular, white- 
yellow, loosely packed, and covering an area greater than 
2mm in a loosely distributed fashion, with clear spaces be- 
tween deposits.' They are clearly distinguished from axial 
punctate opacities, which are found in the general popula- 
tion and are pigmented, tightly packed, and cover an area 
smaller than 2 mm.’ These same ASC lens opacities were 
observed to develop in two of the seven amiodarone-treated 
patients (patients 11 and 12) who presented 8 years ago 
without them. These opacities are easily overlooked unless 
careful biomicroscopic technique is used, including the fol- 
lowing: dark room, high-power biomicroscopy, dilated pu- 
pil, direct focal and diffuse illumination, retroillumination, 
and specular reflection with oscillatory movement. There- 
fore, subtle ASC lens opacities appear to develop in most, if 
not all, patients receiving amiodarone hydrochloride for 
long enough periods. 

The ASC opacities that initially presented in two patients 
(patients 2 and 4) treated with amiodarone progressed dur- 
ing an 8-year period. This progression resulted in both an 
increase in density and an increase in the diffuse distribu- 
tion of the white-yellow, loosely packed deposits, ultimately 
covering an area somewhat larger than the undilated 
pupil’s aperature. In addition, these patients have endothe- 
lial cell pigmentation that has not been previously de- 
scribed, to our knowledge. Snellen visual acuities were not 
decreased in these patients (Table). These deposits are 
reminiscent of chlorpromazine-induced lens changes, but 
they are white-yellow and develop in the presence of corneal 
changes, unlike phenothiazine lens changes, which develop 
prior to corneal changes.’ Although the mechanism for cat- 
aract formation associated with both chlorpromazine and 
amiodarone remains unclear, the fact that these drugs are 
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Clinical Findings in Amiodarone-Treated Patients Examined in 1982* 


Present Present Snellen Present 
Status and Visual Acvity Dosage, Other 
Appearancet (1990) mg/d Medicationst 


Snellen Initial initial 
Patient No./ Visual Acuity Dosage, mg/d 
Sex/Age, y (1982) (Duration, mo) 


1/M/64 


2/M/66 


3/M/64 


4/M/62 


5/M/70 


6/M/65 





7/M/71 


8/M/48 


9/M/64 


10/M/54 


11/M/67 


12/M/71 


13/M/64 


14/M/77 


20/20 OD 
20/20 OS 


20/25 OD 
20/25 OS 


20/20 OD 
20/20 OS 


20/25 OD 
20/25 OS 


20/20 OD 
20/20 OS 


20/25 OD 
20/20 OS 


20/25 OD 
20/30 OS 


20/20 OD 
20/20 OS 


20/20 OD 
20/30 OS 


20/25 OD 


Lost (due to trauma) 


20/20 OD 
20/25 OS 


20/25 OD 
20/30 OS 


20/20 OD 
20/25 OS 


20/25 OD 


600 (3) 
400 (9) 


600 (10) 


800 (1) 
600 (10) 
400 (1) 
600 (5) 
400 (4) 


600 (12) 
400 (2) 


800 (7) 


400 (18) 


800 (4) 
500 (2) 


600 (12) 


800 (12) 
600 (3) 


600 (6) 
400 (7) 


600 (7) 


400 (10) 


Treatment 
discontinued 
(pulmonary 
fibrosis) 


Increased ASC 
lens opacities 


Increased ASC 
lens opacities 


Treatment 
discontinued 
(hyperthyroid) 


Treatment 
discontinued 
(breakthrough 
arrhythmias) 


ASC lens 
changes 
developed 


ASC lens 
changes 
developed 


20/20 OD 
20/20 OS 


20/25 OD 
20/25 OS 


20/30 OD 
20/30 OS 


20/20 OD 
20/20 OS 


20/20 OD 
20/30 OS 


20/25 OD 
20/30 OS 


20/25 OD 
20/25 OS 


Digoxin, 
acetaminophen, 
chlordiazepoxide 


Simethicone, 
cimetidine 


Clonidine, 
propranolol 
nitroglycerin, 
isosorbide 


Propranolol, 
quinidine 


Digoxin, hydro- 
chlorothiazide 


Isosorbide, 
potassium 
chloride, 
hydrochlorothiazide, 
aminophylline 
Digoxin, quinidine, 
isosorbide, 
aminophylline, 
furosemide 


20/25 OS 





*Patients 1 through 7 demonstrated lens opacities in 1982; patients 8 through 14 did not demonstrate lens opacities in 1982. 


tASC indicates anterior subcapsular. 
All patients used artificial tears. 


both photosensitizing agents and the observation that the 
lens changes are largely limited to the pupillary aperature 
suggest that light exposure may be an important factor. 
Therefore, the use of sunglasses may provide an obvious and 
easily employed preventive measure. 

Seven of the 14 patients examined in 1982 died during the 
8-year interim. A 50% mortality rate in this small popula- 
tion does not permit prognostic conclusions to be drawn 
from the present study. However, this report of a high 
mortality rate in patients treated with amiodarone is con- 
sistent with larger studies reported in the medical 
literature.’ Despite this high mortality rate, there appears 
to be little to be gained by switching patients to more ag- 
gressive nonpharmacologic interventions (eg, insertion of 
an automatic defibrillator) when the patient has been suc- 
cessfully treated with amiodarone for more than 1 year. 
Certainly the presence and progression of subtle ASC lens 
opacities in patients receiving amiodarone is not a con- 
traindication for this potentially lifesaving medication. 


ALLAN J. FLACH, MD 
BERNARD J. DOLAN, OD 
San Francisco, Calif 
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A Barrier Plaque Designed to Prevent 
Conjunctival Adhesions 


To the Editor.—Cryotherapy has been used as treatment for 
biopsy-proved malignant melanoma of the conjunctiva and as 
an adjuvant to resection of squamous and sebaceous carcino- 
mas.” Reported complications include the development of 
conjunctival adhesions.” Glass rods have been used to me- 
chanically break these adhesions in what is often a painful 
procedure. For a patient treated with cryotherapy to the 
entire bulbar conjunctiva for diffuse multifocal conjunctival 
melanoma, we constructed an individually molded, suture- 
fixed, plaquelike device to act as a barrier between the bulbar 
and palpebral conjunctiva. 

The method for forming, fabricating, and fitting the barrier 
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Fig 1.—Diffuse, multifocal areas of pigmentation involving the tempo- 
ral bulbar conjunctiva. 


plaque was similar to that of a flush-fitting scleral lens. A 
suitably sized and shaped scleral impression tray was placed 
over the globe. An alginate hydrocolloidal suspension was 
injected through the anterior tunnel of the impression tray 
onto the entire surface of the patient’s globe. The alginate 
impression hardened to the consistency of soft rubber and the 
impression tray was removed. A mixture of water and gyp- 
sum-type dental stone was spatulated and poured into the 
alginate impression, thus forming a model of the surface of the 
patient’s eye. 

A 0.03-mm.clear acrylic sheet was compressed onto the 
stone impression in a heat-vacuum press. The acrylic nega- 
tive impression was then trimmed, polished, and fitted to the 
patient’s globe as one would do for a flush-fitting lens. Using a 
dental stone trimmer, the corneal area of the scleral lens and 
an area 1 mm around the limbal edge were removed. The 
remaining portion of the lens was cut in half on the horizontal 
plane, forming the superior and inferior barrier plaques. Two 
suture holes were drilled at the medial and lateral positions, 
and the edges of the device were rounded and polished for 
wearing comfort. 


Report of a Case.—A 26-year-old white man presented with an 8- 
year history of increasing pigmentation of his right conjunctiva. The 
ophthalmic examination was significant for multifocal areas of pig- 
mentation without nodularity covering the entire bulbar conjunctiva 
(Fig 1), with corneal extension. No nodes were palpable. A map 
biopsy of the conjunctiva revealed a junctional nevus, areas of prima- 
ry acquired melanosis with and without atypia, and microinvasive 
melanoma (Fig 2). The results of a complete metastatic workup were 
negative. 

Conjunctival cryotherapy was performed in two stages with a 
double freeze-thaw technique using large oval-tip applicators (Cryo- 
medics Inc, Langhorne, Pa). All areas of pigmentation plus 2-mm 
margins of normal-appearing tissue were treated. The corneal epi- 
thelium was removed with a No. 15 Bard Parker blade. Alcohol- 
soaked cotton-tipped applicators were then used to scrub the exposed 
corneal stroma, followed by copious irrigation with balanced salt 
solution. Last, the barrier plaque was sewn to cover the cryotherapy 
sites (Fig 3). Treatment with systemic prednisone and topical pred- 
nisolone acetate was inititated. 


Comment.—Twelve months after treatment, slit-lamp ex- 
amination was significant for a complete absence of conjuncti- 
val and corneal melanosis. Though there was scarring of the 
bulbar conjunctiva, there were no adhesions between the 
bulbar and palpebral conjunctiva. 

The barrier device described herein was most similar to a 
donut shell, with three distinct advantages. It was molded to 
the patient's eye, covered the entire bulbar conjunctiva, and 
was fixed into place with sutures, leaving it relatively immo- 
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Fig 2.—Downgaze demonstrating the posterior extension of the su- 
ture-fixed barrier plaque. 





Fig 3.—Invasion into the substantia propria (conjunctival melanoma) 
(hematoxylin-eosin, original magnification x 100). 


bile and comfortable. Our patient tolerated the presence of 
this device for 2 weeks after surgery with minimum discom- 
fort and no evidence of device-related corneal epitheliopathy. 
We suggest that this device can be used as a barrier to 
conjunctival adhesion. 


PauL T. FINGER, MD 
HENRY P. GOUGELMAN 
New York, NY 


The authors have no proprietary interest in the barrier plaque or the cryogun 
(Cryomedics Inc). 

This research was subsidized by North Shore University Hospital—Cornell 
University Medical College, Manhasset, NY, and by a grant from John and 
Myrna Daniels, Toronto, Ontario. 
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Sunlight and Age-Related Macular Degeneration 


To the Editor.—In a recent article in the ARCHIVES, West et 
al' concluded that in a large group of watermen there was 
no evidence of increased risk of age-related macular degen- 
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eration associated with accumulated UV exposure. They 
quoted experimental data collected by Ham et al? in Rich- 
mond (Va) as evidence of the vulnerability of the retina to 
UV radiation. We think the investigators should have 
looked for an association with visible light. 

In 1966, Noell et al’ convincingly showed that, after long- 
term exposure, rat retina could be severely damaged by 
visible light. In later studies, pigeons and monkeys were 
shown to exhibit a similar kind of damage after exposure to 
white light.’ The action spectrum for damage coincided with 
the absorption spectrum of the visual pigment rhodopsin, 
and it is, therefore, understandable that the type of light 
damage described by Noell et al does not occur at extremely 
high levels of white light*; in that condition, all visual pig- 
ments are fully bleached and can no longer act as photosen- 
sitizers that generate damage. That role is then taken over 
by other, less sensitive, and yet unidentified, pigments, ap- 
parently absorbing mainly in the UV part of the spectrum. 
The high light level condition, typical for the studies by 
Ham et al, is seldom met in everyday life; it is only found 
when someone deliberately stares into the sun for several 
minutes, or when a retina is subjected for tens of minutes 
to the light of an operating microscope. At ambient outdoor 
light levels, the damage described by Noell et al is the rel- 
evant type of damage to look for. Because the article by 
West et al is unclear regarding the correlation between UV 
and visible light, it leaves open the possibility that long- 
term exposure to sunlight under working conditions is a 
factor in the etiology of macular degeneration. 

DIRK VAN NORREN, PHD 
HANS Vos, PHD 
Soesterberg, the Netherlands 
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In Reply.—A wide spectrum of radiation exists in sunlight, 
and it is important to consider the wavelength when eval- 
uating possible retinal damage associated with sunlight 
exposure. The data of Pitts et al! and Boettner and Wolter? 
on transmittance suggest that a small but significant por- 
tion of the UV spectrum reaches the retina, and we and 
others have suggested the importance of evaluating possi- 
ble increased risk associated with such exposure. 
Primary damage to the retina, specifically to the photo- 
receptors, does appear to follow the absorptive spectrum of 
rhodopsin, as shown by Noell et al. However, photochemi- 
cal damage to the retinal pigment epithelium is also a 
mechanism of light damage and, as Ham et al and others 
have suggested, appears to follow the absorption spectrum 
of melanin, which extends into the UV range. In fact, the 
melanin absorption curve increases markedly toward the 
shorter wavelengths.’ Thus, retinal damage from UV expo- 
sure through sunlight exposure is a relevant question. 
The role of visible light as a risk factor for age-related 
macular degeneration is also an important question for the 
reasons mentioned by Drs van Norren and Vos. We have 
recently modified our model of UV exposure using newly 
available data on visible light. Examining the cumulative 
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exposure for the 20 years previous to our survey, we have 


found that the correlation between UV-B and exposure to 


visible light is .73, and is variable among those with lower 
exposure to UV-B. We are currently examining the hypoth- 
esis of increased risk of age-related macular degeneration 
with exposure to visible light in our data set.‘ 
SHEILA WEST, PHD 
Baltimore, Md 
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Physicians, Lenses, and Myopia 


To the Editor.—The recent marketing of a new intraocular 
lens had a disturbing wrinkle that deserves comment. Sev- 
eral ophthalmologists sent the copyrighted advertising 
material in their mailings to patients and were associated 
in newspaper articles as designated surgeons for a given 
geographic area. What is wrong with this perceived alli- 
ance? The lens through which this issue must be viewed is 
an ethical lens, one that prevents professional myopia. If 
physicians align themselves with products (eg, companies), 
then patients have every right to question the fiduciary 
(trusting) relationship that our profession has had as one 
of its essential elements and from which we derive the so- 
cietally given privilege of being a profession.'? Loss of this 
fiduciary relationship will lead to deprofessionalization.*“ 

The trust between physician and patient is critical and is 
being weakened by (among other factors) the technologic 
explosion. We do not need ophthalmologists adding to our 
troubles by promoting a company or its product(s), unless 
they develop it in a dispassionate, disinterested, scientific 
way, again to benefit society, with which we also have a 
“contract.” To uphold our profession we must continue to 
show that we have the best interests of our patients in mind 
and not those of a company. It does not take much imagi- 
nation to foresee patients distrusting us if we seem to pro- 
mote products—like salespeople! 

Given the shrinking medical dollar, the competition, and 
our technologically exploding specialty, one can anticipate 
newer and more clever advertising tactics. It is a free soci- 
ety and one in which we owe the public as much informa- 
tion as possible. However, an ophthalmologist faced with 
the ethical dilemma of patient/profession vs the societal 
freedoms of free trade can still feel comfortable choosing 
the former.’ Choosing the latter when one’s self-interest is 
served (being selected as the ophthalmologist in an area) 
obviously can only lead us down an ethically slippery slope. 

The ethical lens will correct this professional myopia. 

SAMUEL PACKER, MD 
Manhasset, NY 
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Case Reports 


Microbial Keratitis With 
Crack Cocaine 


The use of “crack” cocaine is now 
reaching epidemic proportions, and 
with it a myriad of previously unrec- 
ognized medical complications have 
arisen.' An ophthalmologic condition 
called “crack eye” has recently been 
described. Patients with crack eye 
have exhibited pain, photophobia, lac- 
rimation, chemosis, and hyperemia in 
association with corneal epithelial de- 
fects. We have seen a patient who pre- 
sented with bilateral infectious cor- 
neal ulcers. Her presenting complaints 
included a relatively painless decrease 
in visual acuity, redness, and persis- 
tent purulent discharge. 


Report of a Case.—A 27-year old His- 
panic woman presented to the ophthalmol- 
ogy clinic at Jacobi Hospital, Bronx, NY, 
with decreasing visual acuity of 3 weeks’ 
duration in both eyes. She first started 
smoking crack approximately 4 months 
prior to being seen. At that time she noticed 
redness, burning, and itching. These symp- 
toms initially caused her to rub her eyes 
frequently, but during the next 2 months, in 
spite of continuing crack cocaine use, the 
itching and burning diminished. Three 
weeks before presentation, the patient no- 
ticed the onset of decreasing visual acuity, 
mild discomfort, increasing redness, and 
purulent discharge. These symptoms per- 
sisted despite self-medication with sodium 
sulfacetamide ophthalmic solution, which 
she had obtained from a friend. Three days 
prior to presentation she noted a severe de- 
crease in visual acuity. 

On examination the patient’s visual acu- 
ity was hand motions in both eyes. The con- 
junctiva was severely hyperemic with thick, 
white, purulent discharge. Corneal and an- 
terior segment examination revealed bilat- 
eral, central, corneal infiltrates measuring 
4X5 mm in the right eye and 5 X 6 mm in 
the left eye, with 10% stromal thinning in 
both eyes. Small peripheral satellite infil- 
trates surrounded the central ulcers. There 
were no corneal endothelial plaques or hy- 
popyon. Corneal scrapings for culture were 
immediately obtained. The patient was 
treated with topical cefazolin sodium (33 
mg/mL) and gentamicin sulfate (14 mg/ 
mL) solution every hour. Cultures subse- 


quently yielded Staphylococcus aureus. On 
follow-up examination, the mfiltrates had 
decreased in size and the cerneal epithe- 
lium was intact. Administration of the top- 
ical antibiotics was slowly tapered. The pa- 
tient was left with central stromal scars 
and her visual acuity was 20/60 OD and 
counting fingers at 90 cm OS. Corneal sen- 
sation was decreased over the entire sur- 
face of both corneas on reexamination. 


Comment.—This case suggests that 
microbial keratitis may complicate the 
syndrome of crack eye. The pathogen- 
esis of this possibly unique clinical en- 
tity is unclear. Cocaine has an anes- 
thetic effect and disrupts the cellular 
architecture of corneal epithelial 
cells.2 The resultant corneal anesthe- 
sia may lead to neurotrophic keratop- 
athy. Since the alkaloid form of co- 
caine in the smoke may also serve as an 
irritant, consequent eye rubbing or 
minor injury may cause the corneal 
epithelium to easily desquamate.’ In 
the presence of continued cocaine ex- 
posure from repeated crack use, epi- 
thelial healing may be retarded. An- 
other possible explanation for the cor- 
neal epithelial damage could be 
multiple, mild, chemical burns from 
the alkaloid form of cocaine without 
another traumatizing event. The per- 
sistence of corneal epithelial defects 
from either cause may then predispose 
to microbial infection and subsequent 
ulcer formation. 

We believe that patients with epi- 
thelial defects secondary to crack eye 
should be followed up closely because 
of the risk of microbial infection. 
Moreover, in the setting of chronic 
corneal anesthesia and recurrent epi- 
thelial defects, the placement of a par- 
tial tarsorrhaphy may be indicated. In 
this particular group of patients in 
whom compliance may be poor, the 
tarsorrhaphy may promote epithelial 
healing, stabilize the corneal surface, 
and prevent the subsequent complica- 
tion of microbial keratitis. 

MITCHELL B. STROMINGER, MD 
RONALD SACHS, MD 

PETER S. HERSH, MD 

Bronx, NY 
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A Retinal Pigment Epithelium 
Tear in a Patient 
With Angioid Streaks 


Retinal pigment epithelium (RPE) 
tears have been described most fre- 
quently in patients with age-related 
macular degeneration. The tears may 
also occur after laser photocoagulation 
for choroidal neovascular membranes 
or RPE detachments.' They may be 
associated with exudative choroidal 
detachments, glaucoma filtering 
procedures,’ asymptomatic chorioreti- 
nal scars, and rhegmatogenous retinal 
detachments.’ We describe herein the 
first report, to our knowledge, of an 
RPE tear in a patient with angioid 
streaks. 


See also pp 1687, 1694 and 1770. 


Report of a Case.—A 50-year-old hyperten- 
sive black man presented to the University 
of Illinois Hospital Eye and Ear Infirmary, 
Chicago, complaining of bilateral, painless, 
progressive loss of vision. He had a 10-year 
history of poor visual acuity in his left eye 
following blunt orbital trauma, but had 
noted a recent decrease. Best corrected vi- 
sual acuities were 20/200 OD and 20/300 
OS. The anterior segment examination 
showed mild meibomian gland plugging 
and early nuclear sclerosis bilaterally. 
Ophthalmoscopy revealed bilateral peri- 
papillary chorioretinal atrophy and irregu- 
larly radiating grayish angioid streaks in- 
volving both macular regions. Neither fun- 


Case Reports 





Fig 1.—The left eye shows peripapillary chorioretinal atrophy with irregularly radiating angioid 
streaks involving the macular area. Note the crescent-shaped lesion with a sharp temporal border 
and nasal subretinal hemorrhages. White arrows point to the scrolled edge of the torn RPE: black 


arrows point to the edge of the RPE tear. 





Fig 2.—Fluorescein angiogram of the late venous phase shows persistent hyperfluorescence of 
the crescent-shaped area and angioid streaks with adjacent hypofluorescence along the tempo- 
ral border (arrows). Inferonasal hypofluorescence represents blockage from overlying subretinal 
hemorrhage. 


dus showed a peau d’orange appearance. In 
the right macula, there was a hyperpig- 
mented, slightly elevated lesion with irreg- 
ular margins and surrounding subretinal 
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hemorrhage. On fluorescein angiography, 
the lesion showed early hyperfluorescence 
and late leakage, consistent with choroidal 
neovascularization. In the left eye, ophthal- 


moscopy revealed a sharply demarcated, 
crescent-shaped, hypopigmented, macular 
lesion with a straight temporal border and 
nasal subretinal hemorrhage (Fig 1). Fluo- 
rescein angiography (Fig 2) showed linear 
hyperfluorescence along the streaks and 
diffuse hyperfluorescence of the crescent- 
shaped area, with adjacent hypofluores- 
cence along the temporal edge of the lesion, 
confirming the presence of an RPE tear. 
Our patient had no history of gastroin- 
testinal bleeding, cardiac/vascular disease, 
bone pain, or neurologic abnormalities. Se- 
rum calcium, phosphorus, and alkaline 
phosphatase levels were normal, as were a 
complete blood cell count and hemoglobin 
electrophoresis. Skull roentgenography 
showed diffuse osteopenia. A skin biopsy 
specimen showed no evidence of pseudox- 
anthoma elasticum. The family history was 
negative for ocular disease, sickle cell ane- 
mia, or connective tissue disease. 
Subsequently, macular choroidal neovas- 


cular membranes resulted in a visual acuity 
of 20/400 OU. 


Comment.—Angioid streaks repre- 
sent breaks in an abnormally brittle 
Bruch’s membrane. In Clarkson and 
Altman’s‘ review, 50% of patients with 
angioid streak had associated systemic 
diseases. The most common associa- 
tions were pseudoxanthoma elasticum, 
Paget’s disease of the bone, and sickle 
cell disease. 

Patients usually present when they 
develop symptoms of macular involve- 
ment, which most frequently occurs in 
patients older than 40 years of age. It 
may present as a central areolar atro- 
phy of the RPE or as any form of ex- 
udative macular degeneration from 
choroidal neovascularization (SRNV). 
The development of SRNV through 
breaks in Bruch’s membrane is the 
most common and serious complica- 
tion of angioid streaks. It can result in 
serous and/or hemorrhagic retinal or 
RPE detachments. 

In both eyes of our patient, the 
angioid streaks were complicated by 
SRNV. We had no prior data to assess 
whether an RPE detachment preceded 
the RPE tear in his left eye. 

The RPE in patients with angioid 
streaks is known to be thin and atro- 
phic in areas associated with the 
streaks.’ We postulate that, in our pa- 
tient’s left eye, the SRNV with its fluid 
exudation led to increased hydrostatic 
forces on the thin and atrophic overly- 
ing RPE and resulted in an RPE tear. 
The appearance of the tear and the 
fresh hemorrhage support a recent 
RPE tear. It is unlikely that the tear 
occurred 10 years previously, although 
that trauma may have led to addi- 
tional angioid streak formation in the 
left eye. Our case supports Gass’ 
theory! that choroidal neovascular 
membranes are involved in the patho- 
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genesis of RPE tears. Retinal pigment 
epithelium tears must be included as a 
possible complication of angioid 
streaks. 
JENNIFER I. Lim, MD 
SHERIDAN LAM, MD 
Chicago, Ill 


This study was supported by core grant EY1792 
and training grant EY7098 from the National Eye 
Institute, and an unrestricted research grant 
from Research to Prevent Blindness Inc, New 
York, NY. 

Reprint requests to The Johns Hopkins Hospi- 
tal, The Wilmer Institute, 600 N Wolfe St, Maume- 
nee Bldg, Baltimore, MD 21205 (Dr Lim). 


1. Gass JDM. Pathogenesis of tears of the ret- 
inal pigment epithelium. Br J Ophthalmol. 
1984;68:513-519. 

2. Lim JI, Blair NP, Liu SJ. Retinal pigment 
epithelium tear in diabetic patient with exudative 
retinal detachment following panretinal photo- 
coagulation and filtration surgery. Arch Ophthal- 
mol. 1990;109:173-174. 

3. Swanson DE, Kalina RE, Guzak SV. Tears of 
the retinal pigment epithelium: occurrence in 
retinal detachments and a chorioretinal scar. 
Retina. 1984;4:115-118. 

4. Clarkson JG, Altman RD. Angioid streaks. 
Surv Ophthalmol. 1982;26:235-246. 


Papilledema in a Patient 
With Aplastic Anemia 


Papilledema is an uncommon complica- 
tion of severe anemia. Among patients 
with this association, the anemia usual- 
ly is related to iron deficiency. We 
describe a child with papilledema re- 
sulting from idiopathic aplastic 
anemia. 

Report of a Case. — An 8-year-old girl was 
admitted to the hospital with a 4-week 
history of easy bruising and exertion-re- 
lated headaches. She had been in excellent 
health, and her only ocular problems were 


hyperopia and accommodative esotropia. 

Results of her general physical examina- 
tion were remarkable for skin pallor, scat- 
tered bruises and petechiae, a grade 3 
systolic murmur, and tachycardia. Blood 
pressure was normal. The patient was afe- 
brile and had no neurologic deficits. 

Ophthalmologic examination revealed a 
visual acuity of 20/20 OU with full visual 
fields and normal color perception. The 
pupils reacted briskly to light exposure and 
there was no afferent pupillary defect. With 
spectacle correction, the patient’s eyes 
were aligned. The range of eye movements 
was full. Fundus examination revealed pro- 
nounced optic disc swelling in both eyes 
associated with large flame-shaped and blot 
hemorrhages in a peripapillary distribution 
(Figure). The retinal veins were moderate- 
ly engorged and tortuous. The maculae 
were unremarkable. 

Laboratory studies disclosed pancyto- 
penia, with a hemoglobin level of 42 g/L, 
white blood cell count of 1.6 x 10"/L, and 
platelet count of 1.0x10°/L. Results of a 
bone marrow biopsy revealed 5% to 10% 
cellularity and no malignant cells, consis- 
tent with severe aplasia. Results of com- 
puted tomography of the brain were 
normal. 

The patient received multiple blood and 
platelet transfusions and was treated with 
antithymocyte globulin. Improvement in 
hematologic parameters was evident within 
3 months, and transfusions were no longer 
required after 5 months. Follow-up exami- 
nations revealed visual acuity of 20/20 OU, 
full visual fields, and resolution of disc 
swelling. 


Comment. — Aplastic anemia is char- 
acterized by pancytopenia and hypo- 
plastic or aplastic bone marrow. The 
term idiopathic is applied to cases that 
are not associated with toxic expo- 
sures, medications, radiation, or dis- 
eases capable of producing bone mar- 
row suppression. 


The ocular manifestations of aplastic 
anemia include conjunctival pallor, 
subconjunctival hemorrhage, cotton- 
wool spots, and both retinal and pre- 
retinal hemorrhage. Hyphema occurs 
rarely. The first report of optic disc 
swelling associated with aplastic ane- 
mia dates back to the original descrip- 
tion of the disease by Ehrlich in 1888.’ 
His patient was noted to have swelling 
of both optic nerves. In 1966, two 
fundus photographs of eyes with optic 
dise swelling appeared in a discussion 
of aplastic anemia by Massa et al,” and 
a similar photograph is included in the 
1974 review of ocular manifestations 
by Haye et al.” More recently, Wang et 
al’ reported on the fundus findings in 
120 cases of aplastic anemia. They 
observed unequivocal optic disc swell- 
ing in 10 patients, nine of whom had 
hemoglobin levels less than 40 g/L. 
Blurred disc margins were noted in an 
additional 34 patients. We are unaware 
of any reports in the English literature 
of optic disc swelling associated with 
idiopathic aplastic anemia. Further- 
more, the references cited above pro- 
vide no information about visual func- 
tion, and apart from Ehrlich’s report, 
there is no indication as to whether 
disc swelling was unilateral or bilater- 
al. Consequently, the mechanisms of 
disc swelling in these cases remain 
speculative. 

In our patient, the concurrence of 
bilateral acute optic disc swelling and 
normal visual parameters indicated 
that the swelling represented papille- 
dema. Although previous reports have 
suggested that papilledema in patients 
with aplastic anemia may be secondary 
to intracranial hemorrhage, results of 
computed tomography in this case 


Fundus photographs showing marked bilateral optic disc swelling and multiple flame-shaped peripapillary hemorrhages. 


Left, Right eye; right, left eye. 
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were normal. In addition, there were 
no symptoms or signs of meningitis. 
We believe that our patient had pseu- 
dotumor cerebri secondary to severe 
anemia. As is typical of such cases, the 
papilledema resolved with correction 
of the anemia. 


EILEEN R. LILLEY, MD 
CAROL S. BRUGGERS, MD 
STEPHEN C. POLLOCK, MD 
Durham, NC 


Reprint requests to Duke University Eye Cen- 
ter, Box 3802, Durham, NC 27710 (Dr Pollock). 
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Ocular Penetration of Thiabendazole 


Ocular Toxocara canis infection may 
cause decreased vision owing to direct 
retinal injury by the Toxocara orga- 
nism or by secondary effects related to 
inflammation and scarring. Several 
treatment modalities for ocular toxo- 
cariasis have been advocated, includ- 
ing systemic antiparasitic medica- 
tions, photocoagulation, and vitreous 
surgery. Although the T canis larva is 
sensitive to thiabendazole (Mintezol), 
as used in the treatment of visceral 
larva migrans, it is not known whether 
this drug crosses the blood-ocular 
barrier.’ 

Report of a Case.—A T-year-old boy pre- 
sented with painless loss of vision in the 
right eye, noted during routine visual 
screening. Visual acuity was 20/400 OD, 
20/20 OS. Ophthalmic examination of the 
left eye showed it to be normal. Slit-lamp 
examination of the right eye revealed an 
uninflamed anterior segment and 1+ ante- 
rior vitreous cell. Funduscopic examination 
showed a large granuloma at the ora ser- 


Thiabendazole and 5-Hydroxythiabendazole Concentrations After Oral Administration * 


Control (Background Fluorescence), 


mg/L 


Patient (90 min after 25 mg/kg), 
mg/L 


o _we~ Re SOOM SS. 


Source Thiabendazole 5-Hydroxythiabendazole Thiabendazole 5-Hydroxythiabendazole 


Serum 0.17 0.03 


9.3-12.3 7.0-9.4 


Aqueous 0.32 0.23 0.59 0.61 


Vitreous 0.32 0.21 


0.62 1.08 





*Levels of 5-hydroxythiabendazole include sulfate and glucuronide conjugates of thiabendazole. 


rata from the 6- to 9-o’clock meridian. Sev- 
eral vitreous snowballs were present adja- 
cent to the granuloma. Vitreous bands ex- 
tended from the granuloma to the 
inferotemporal arcade. An epiretinal mem- 
brane was present in the macular area, 
causing moderate retinal distortion. 

History revealed that the patient had re- 
cently suffered a flulike illness. The patient 
admitted to pica and recent exposure to a 
litter of puppies. Laboratory tests showed 
an elevated white blood cell count of 
14.6 X 10°/L, with 0.10 eosinophils. Toxo- 
cara IgG enzyme-linked immunosorbent 
assay was positive at 1:128. A diagnosis of 
ocular toxocariasis was made. The patient 
underwent pars plana vitrectomy for 
epiretinal membrane removal. 

Ninety minutes prior to surgery, 500 mg 
(25 mg/kg) of thiabendazole was adminis- 
tered orally. Prior to infusion, a diagnostic 
vitrectomy was performed, with removal of 
approximately 2.5 mL of material. The vit- 
reous appeared clear and without heme. An 
anterior chamber paracentesis was then 
performed, with removal of 0.12 mL of 
aqueous. Venous blood was obtained and 
the serum separated by centrifugation. All 
samples were immediately frozen and 
stored at —70°C. Control samples of vitre- 
ous, aqueous, and serum were obtained in a 
similar manner during vitrectomy for a di- 
abetic traction retinal detachment. 

Spectrophotofluorometric assays were 
performed by one of the authors (J.J.) for 
available thiabendazole and for the pri- 
mary inactive metabolites of thiabenda- 
zole: 5-hydroxythiabendazole as well as its 
sulfate and glucuronide conjugates (Table). 
Thiabendazole and metabolite assays have 
not been validated specifically for aqueous 
or vitreous. Therefore, these values can be 
interpreted only as reasonable estimates. 


Comment.—These results are con- 
sistent with those of Arroyo and 


Coming Next Month... 


Brown,” who measured larvicidal con- 
centrations of thiabendazole in the 
cerebrospinal fluid several hours after 
oral administration of comparable 
doses of thiabendazole (23 mg/kg). The 
higher serum concentrations of thi- 
abendazole measured in our patient 
probably reflect sampling differences, 
as we obtained serum much sooner af- 
ter drug administration and, there- 
fore, closer to the peak level. Esti- 
mated concentrations of thiabenda- 
zole in vitreous specimens from our 
patient are within the range of in vitro 
antiparasitic activity for most 
helminths.’ We conclude that system- 
ically administered thiabendazole can 
enter the aqueous and vitreous of a 
minimally inflamed eye. These results 
suggest that systemically adminis- 
tered thiabendazole might be useful in 
the treatment of some intraocular par- 
asitic infections. 
ALBERT M. MAGUIRE, MD 
Marco A. ZARBIN, MD, PHD 
THOMAS B. CONNOR, MD 
Baltimore, Md 


JOSH JUSTIN 
Rahway, NJ 


The authors have no proprietary interest in the 
sale or production of thiabendazole. 
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Beginning in January 1991, the ARCHIVES gets a fresh new look. We’ve redesigned the 
cover to give it a more contemporary, less cluttered appearance. An expanded table of 
contents will feature an improved format and larger, more readable type to make it easier to 


find major articles. 


Later in the year we will introduce further graphic improvements as we convert to a 
state-of-the-art electronic layout system. 


Our goal is to continue to bring you the highest-quality, peer-reviewed scientific informa- 
tion while making it more attractive and easier to read. We hope you'll approve. 
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_CHRISTIAN OPHTHALMOLOGY SOCIE 






announces an ESSAY CONTEST 


for medical students, interns, 


residents, and fellows 





on the topic - 


- "THE ROLE OF PRAYER IN HEALING" - 


First prize = $1000 (for honorarium and expenses) - to present the paper at 15th 
annual meeting June 20-23, 1991, Callaway Gardens, Georgia. 
Second prize= $500. Essays must be in for deadline of May 1, 1991. 


Submit to: 
William H. Jarrett II, MD 


200 Nacoochee Drive NW 
Atlanta, GA 30305 
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Now Hypolears Covers the Needs of 
All Your Dry Eye Patients 
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-Effective relief for most 


dry eye patients. 

Millions of dry eye sufferers have 
found comfort with HypoTEARS 
and made it the #1 recommended 
tear among eye care physicians. 
This unique hypotonic formulation 
helps restore the hypertonic tear 
film to normal tonicity for 
soothing relief. 
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formulation. 


Now your therapeutic choice can 
include a non-preserved hypo- 
tonic tear for those patients with 
sensitivity to preservatives. Just 
like original HypoTEAnrs, the 
hypotonicity of HypoTEARS PF 
helps break the dry eye cycle that 


begins with a hypertonic tear film. 


Unlike other preservative-free 
tear substitutes, HYPOTEARS PF 


does not contain sodium chloride. 


So, HypoTEARS PF won't add 
salt to an already salty tear film. 


Recommend the 
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Preservative-free and lanolin- 
free, HYpOTEARS Ointment is the 
perfect partner with HyPoTEARS 
solutions for round-the-clock 
relief ...and only one name 

to remember 
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This is the third in a series of three articles on projects involved 
in the development of cataract management guidelines. 


The Clinical Appropriateness 


Initiative—Cataract Management Study 


Iowa City, Iowa. —The Clinical Appropriateness Initiative 
is a joint effort by the RAND Corp, Santa Monica, Calif, to 
develop practice parameters with the cooperation of the 
American Medical Association and the Academic Medical 
Center Consortium (AMCC). Four surgical procedures, in- 
cluding cataract management, were selected for the initial 
round of development. The procedures were chosen based on 
variability of use, high cost, and frequency. ' 

The cataract management phase of the project is being 
conducted by researchers at the University of Iowa, Iowa 
City, and is based on the RAND process developed by Robert 
H. Brook, MD, ScD. Dr Brook’s intention is to develop guide- 
lines that will increase the health of the American public and 
achieve physician satisfaction.” 

R. Michael Massanari, MD, an internist and epidemiologist 
at the Henry Ford Medical Center, Detroit, Mich, is a consul- 
tant to the cataract management phase of the initiative. He 
was formerly the principal investigator for the cataract man- 
agement phase of the project. Dr Massanari believes that the 
goal of the initiative is to develop guidelines that will help 
physicians deliver high-quality medical care in an effective 
and efficient fashion. The guidelines will thereby enable the 
profession to respond to society's desire to ensure appropri- 
ate utilization of health care services and to control health 
care expenditures without sacrificing the quality of care. He 
views the guidelines as educational tools, not policy efforts. 

Massanari explains that the RAND process begins with a 
literature review that focuses on preoperative findings, effi- 
cacy, complications, utilization, and cost. After the literature 
is reviewed, a list of detailed clinical indications, based on the 
literature, is developed. A geographically representative 
nine-member multispecialty physician panel is then selected 
from both the academic and private practicing communities. 

“The panel of experts is being chosen from major profes- 
sional organizations,” Massanari said. “There will be four 
ophthalmologists who perform cataract management, one 
who doesn’t, and four referring physicians.” The referring 
physicians will be family practitioners and internists. Dr 
Massanari will also serve as moderator of the panel. The 
members of the panel will be announced in January 1991. 

After the panel is chosen, each physician will be asked, 
after reading the literature review, to rate, on a scale of 1 to 9, 
the appropriateness of performing the cataract procedure for 
each indication developed from the literature review. The 
physician panel will then convene to discuss the indications 


Michael D. Springer, Section Editor 
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and their rankings and to rate the indications a second time. 

The indications are grouped into three categories: 
(1) appropriate—the panel’s median rating is 7 to 9 and there 
is no disagreement, (2) inappropriate —the median rating is 1 
to 3 and there is no disagreement, or (3) equivocal—the 
panel's median rating is 4 to 6 or there is disagreement. 

Disagreement is defined as three ratings of 1 to 3 and three 
ratings of 7 to 9. Agreement is defined as having seven ratings 
fall within a three-point range after discarding one extremely 
high and one extremely low rating.” The ratings will then be 
applied to 100 charts, and patients will be randomly sampled 
from each of the 12 academic centers involved in the RAND 
project. 

Joanne Tobacman, MD, liaison for the AMCC and member 
of the Department of Internal Medicine at the University of 
Iowa, explains that, following the rating of the indications, 
traimed nurse abstractors will then review 100 charts at each 
participating institution. “The charts will be considered in 
terms of the appropriateness of the surgical intervention 
based on the indications that have been derived from the 
expert panel. Then there will be feedback to the institutions 
about their performance in terms of these indications. Follow- 
ing this feedback process, it is intended that there will be an 
intervention phase of the project. This means that at some of 
the institutions there will be an active effort to modify physi- 
cian behavior if it is determined that many surgical proce- 
dures have been performed that are not appropriate accord- 
ing to the indications. Following intervention, 100 charts will 
be reviewed at each of the 12 institutions and the impact of the 
intervention on cataract management will be assessed.” 

Tobacman views the project as an aid to physicians. “I don’t 
think the project should be viewed as threatening. I think that 
it will be enlightening and help us to care for complicated 
patients. I think there is concern always about appropriate- 
ness of interventions, and the study is intended to optimize 
utilization.” 

The literature review is to be completed by mid-November 
1990 and will be reviewed by the principal investigators for 
the project and by members of the American Academy of 
Ophthalmology. The time frame for the entire study is 
3 years, beginning in March 1990. The second chart review is 
to be completed by August 1992, and analysis is to be complet- 
ed by the end of 1992. 

JULIE FOREMAN 


1. Foreman J. Practice parameters designed to reduce unnecessary medical 
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In Focus 


Book Reviews 


Edited by Daniel M. Albert, MD 


Viscoelastic Materials: Basic Sci- 
ence and Clinical Applications, edited 
by E. S. Rosen, 259 pp with illus, Elms- 
ford, NY, Permagon Press Inc, 1989, 
$125. 


This is a 259-page book covering the 
proceedings of the Second Interna- 
tional Symposium of the Northern Eye 
Institute, Manchester, England, July 
17 through 19, 1986. It is the Second 
volume in the Pergamon Press Vision 
and Visual Health Care Series. 


“ ..I do not feel that I gained 
practical, useful information from 
[this book].” 


The material has been organized 
into four sections, subtitled “Proper- 
ties of All Viscosurgical Materials and 
Their Fate in the Eye,” “Anterior and 
Posterior Segment Viscosurgery,” 
“Viscoelastic Concepts in Ocular Sur- 
gery,” and “Non-surgical Uses of Vis- 
coelastic Materials.” The contribu- 
tions follow varying formats, ranging 
from transcripts of panel discussions 
to journal article layouts to reviews. 
While this assortment is refreshing to 
read, it unfortunately makes it diffi- 
cult to quickly find information when 
using the book as a reference. 

Viscoelastic Materials is replete 
with historic anecdotes, rheologic mi- 
nutiae, in vitro toxicology, catabolism, 
sodium hyaluronate (Healon) usage in 
chemical burns in animals and in in- 
traocular lens removal, and early work 
on hydroxypropyl! methylcellulose. 
Unfortunately, important clinical 
questions, such as the cause of and 
therapy for postoperative viscoelastic- 
induced pressure spikes, are not ap- 
propriately addressed. 

J. L. Pearce compares viscoelastics 
in intracapsular cataract surgery. K. 
Miyake discusses the use of viscoelas- 
tic materials for “in the bag” fixation 
of posterior chamber lenses. 8. Sten- 
kula assesses sodium hyaluronate as a 
vitreous substitute and intravitreal 
tool. D. Miller compares Healon with 
Viscoat. P. J. Condon, J. Gillian, J. 
Mullaney, M. Hurley, and M. Kinsella 
evaluate ultrastructural effects of vis- 
coelastics on the endothelium of donor 
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corneas. There are a number of other 
contributors involved with this work. 
However, space restricts me from 
mentioning them all. 

The rheology section by H. Bothner 
and O. Wik, while stressing the impor- 
tance of the relationships between 
elasticity, viscosity, shearing force, 
colloidal osmotic pressure, molecular 
weight, and concentration, failed to 
allow me to grasp any basic concepts 
despite multiple readings. 

D. R. Meyer and J. P. McCulley’s 
section on standardized toxicity test- 
ing for comparing various viscoelastic 
substances is an excellent piece of 
work for those involved in compound 
development. 

In spite of the interesting topics 
outlined in this book, I do not feel that 
I gained practical, useful information 
from it. If one believes that viscoelas- 
tic surgery is a “landmark contribu- 
tion to the welfare of mankind” and 
that Healon’s “track record makes it 
difficult to beat,” as stated by Rosen, 
then this is the text for you. However, 
with the volume of material that the 
ophthalmologist needs to digest, I 
would strongly recommend that this 
text be excluded from the diet. 

MARK B. ABELSON, MD 
Boston, Mass 


Stallard’s Eye Surgery, 7th ed, by 
M. J. Roper-Hall, 457 pp with illus, Stone- 
ham, Mass, Butterworths, 1989, $150. 


Hyla Stallard first wrote this classic 
surgical text in 1946. Five editions 
were published through 1973, after 
which it was revised by Michael Roper- 
Hall. This seventh edition represents 
an extensive revision of Roper-Hall’s 
original effort. 


“ ..a valuable addition to the 
surgical library of any ophthal- 
mologist...” 





This book is unusual in today’s oph- 
thalmic surgical library in being a sin- 
gle-author text. As such, it maintains 
a consistency of style often lost in to- 
day’s multiauthored tomes. Roper- 
Hall endeavors to cover the full range 


of eye surgery in 12 chapters, each 
dealing with one of the surgical sub- 
specialties. 

The first two chapters on surgical 
equipment and anesthesia are remark- 
able for their good discussions of oper- 
ating room and microsurgical instru- 
mentation, suture needles and materi- 
als, and sterilization and anesthesia 
techniques. As a general introduction 
to the operating room, these reviews 
should be of particular interest to the 
surgeon-in-training. Chapters on eye- 
lid and lacrimal surgery present a 
number of oculoplastic techniques, 
ranging from a discussion of simple lid 
malpositions to more complicated flap 
techniques. A wide range of lacrimal 
procedures is similarly covered. 

The chapter on strabismus surgery 
nicely illustrates commonly used pro- 
cedures as well as general approaches 
to the patient with strabismus. This is 
followed by a chapter on corneal sur- 
gery. Of note here is an excellent dis- 
cussion of keratoprostheses, reflecting 
the author’s interest in the subject. 
Corneal tattooing is also thoroughly 
considered. 

In addition to common procedures, 
the discussion of iris and uveal surgery 
addresses issues of iris and iridodialy- 
sis reconstruction and surgical treat- 
ment of malignant melanoma of the 
choroid. This is followed by a chapter 
on cataract surgery that offers a broad 
range of techniques from Graefe’s 
knife incisions to intercapsular cata- 
ract extraction. The section on intraoc- 
ular lenses reflects a common problem 
with surgical texts, however: the in- 
clusion of somewhat outdated tech- 
niques as a result of rapid technologi- 
cal advancements in our field. For 
instance, a relatively long discussion 
of the Choyce anterior chamber lens 
and iris-supported lenses is presented. 

Additional chapters discuss glau- 
coma and vitreoretinal surgery, pre- 
senting general introductions to these 
subjects; ocular trauma, containing an 
excellent discussion of intraocular for- 
eign bodies and their management; 
and, finally, orbital surgery. 

Some variations in techniques and 
instrumentation are presented that 
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might reflect the British origins of this 
text. Moreover, as in most surgery 
texts, the specific procedures pre- 
sented are only a sampling of the many 
possible techniques. Illustrations are 
good, especially the photographs of 
various surgical instruments. For 
some procedures, however, more com- 
prehensive illustrations would be help- 
ful. There is a short bibliography fol- 
lowing each chapter. 

Stallard’s Eye Surgery would cer- 
tainly be a valuable addition to the 
surgical library of any ophthalmolo- 
gist, particularly since it presents 
somewhat different approaches to a 
wide variety of eye surgeries. It is also 
notable for its excellent descriptions 
and illustrations of instrumentation 
and, as such, would be valuable to a 
beginning surgeon as well as to oper- 
ating room personnel. 

PETER HERSH, MD 
Bronx, NY 


Primary Care of the Posterior Seg- 
ment, by Larry J. Alexander, 299 pp with 
illus, East Norwalk, Conn, Appleton & 
Lange, 1989, $85. 


This text is intended to be a teaching 
and reference source for the improve- 
ment of patient care with regard to 
diseases of the posterior segment of 
the eye. As noted in the introduction, it 
was undertaken because “there is cur- 
rently no single source that outlines 
the diagnosis and, more importantly, 
the management of retinal disease.” 
The author states further, “... to di- 
agnose a disease, one must be able to 
see and understand what is occurring 
within the structure.” After discussing 
diagnoses, the text goes on to outline 
management plans. 


“The text is a Herculean effort 
by a single author...” 





The book features several good 
teaching tools. Schematic drawings 
and management sections the author 
called “pearls” are embedded in the 
text and are designed to recapitulate 
and reinforce the material previously 
read. The flow charts are useful in 
illustrating and clarifying some disor- 
ders. The tables listing diagnostic pos- 
sibilities are good, but often exhaus- 
tive, and need to emphasize the more 
common disease processes. The black- 
and-white photographs vary in quality 
from fair to excellent. Unfortunately, 
the illustrations are often not on the 
same page as the related text, and 
color photographs with plate numbers 
indicating the specific disorders are 
inconveniently sequestered in the 
middle of the book. The overall quality 


of the color figures is good but the fig- 
ures are small (which makes the 
pathologic processes difficult to evalu- 
ate). There is a thorough and up- 
to-date bibliography at the end of each 
section; the use of footnotes in the text, 
however, would have been more help- 
ful. 

The text is logically divided into five 
sections: (1) Congenital and Acquired 
Anomalies of the Optic Nerve Head; 
(2) Retinal Vascular Disorders; (3) Ex- 
udative and Nonexudative Macular 
Disorders; (4) Anomalies of the Vitre- 
ous and Peripheral Retina; and (5) He- 
reditary Retinal and Choroidal Dis- 
eases. 

Section 1, on the optic nerve, is well 
written and integrated with good clin- 
ical pearls. Section 2, on retinal vascu- 
lar disorders, however, contains some 
deficiences. In the section on fluores- 
cein angiography, the author fails to 
provide examples of studies with nor- 
mal results with early, middle, and late 
photographs, which are needed to eval- 
uate fully abnormal fluorescein angio- 
grams. Some apparent inaccuracies 
exist in this section as well: Fig 2-14 
shows an area of peripapillary atrophy 
that is described as neovascular leak- 
age; Figs 2-19 and 2-20 are said to dif- 
ferentiate microaneurysms from dru- 
sen in fluorescein photographs (early 
and late stages) in the same eye but 
appear to be photographs of two eyes. 

The discussion of age-related macu- 
lar degeneration in section 3 is reason- 
ably complete. Considerations of cer- 
tain diseases, such as sarcoidosis, 
multifocal choroiditis, and multiple 
evanescent white dot syndrome, while 
instructive, would have been of more 
value had photographs been used. 

The section on vitreous and periph- 
eral retina is well written and logically 
organized, but here, too, some inaccu- 
racies and omissions occur. For exam- 
ple, there is no discussion of the use of 
ultrasonography in the evaluation of 
vitreous hemorrhage. 

Overall, however, I think the book is 
clear and concise. Unfortunately, there 
is a tendency to oversimplify the man- 
agement of some complex clinical sit- 
uations. Moreover, the author does not 
always make clear what is important 
and what is trivial, and it is hard to 
know which clinical situations should 
be considered for referral. 

The text is a Herculean effort by a 
single author, and his efforts to inform 
the reader are of the highest order. 
Primary Care of the Posterior Seg- 
ment succeeds in covering a wide range 
of disease processes involving the ret- 
ina, vitreous, and choroid. With the 
proper deletions and additions, the 
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next edition of this text could be out- 
standing. 
EDWARD A. RYAN, MD 
Boston, Mass 


Developments in Ophthalmology, 
volume 17: Risk Factors for Cataract 
Development, 2nd International Sym- 
posium on Cataract Epidemiology, 
edited by Otto Hockwin, Kazuyuki Sasa- 
ki, and M. Cristina Leske, 105 pp with il- 
lus, New York, NY, S Karger AG, 1989, 
$123.50. 


This brief text on cataract epidemi- 
ology contains short papers from an 
international meeting held in Japan in 
1986. The book contains three sections: 
(1) an evaluation of cataract classifi- 
cation systems for epidemiology 
studies; (2) a look at the issues involved 
in conducting valid cataract preva- 
lence studies; and (3) investigations of 
cataract risk factors. 


“... none of the chapters or pa- 
pers covers its subject in sufficient 
depth to be cited as a reference.” 





In section 1, there are very brief dis- 
cussions of four different cataract clas- 
sification systems, each of which is un- 
der development. The difficulty in 
achieving a consensus in this field is 
evident. The article by Leske presents 
preliminary data for the Lens Opaci- 
ties Classification System, Version II, 
a system that is being used in several 
epidemiologic studies today. 

In section 2, epidemiologists and 
ophthalmologists from Japan, Bul- 
garia, China, and India review the ep- 
idemiologic studies in their respective 
countries that pertain to age-related 
cataracts. Each presents a unique ap- 
proach, and none describes a formal 
complete epidemiologic analysis. In 
Hu’s article on the incidence of cata- 
racts in China, he found the highest 
incidence in Zedang villages; he thus 
inferred a role for solar radiation in 
human cataract formation. 

In section 3, articles by Milton and 
Harding provide brief descriptions of 
crucial issues in study design in epide- 
miology. 

In summary, this is a short overview 
of a number of studies and issues in 
cataract epidemiology. It will be of in- 
terest to students and practitioners 
working in this area, but none of the 
chapters or articles covers its subject 
in sufficient depth to be cited as a ref- 
erence. As an introduction to some of 
the major epidemiologic work on cata- 
ract that will be forthcoming in 1990, 
this book is helpful. 

LEO T. CHYLACK, JR, MD 
Boston, Mass 
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Questions and Answers 
Edited by Stewart MacKay Wolff, MD 


The rapid and complex advances in ophthalmic science make it 
difficult to stay abreast of the many changes that are occurring in 
our specialty. The ARCHIVES solicits your questions, therefore, and 
requests that they be clearly stated and reasonably focused. Names 
of submitters will be published if the authors wish. Please limit your 
questions to six double-spaced lines and follow the guidelines put 
forth in our Instructions for Authors (readily found in any 
even-numbered issue of the ARCHIVES). A signed copyright trans- 
mittal letter to the AMA should accompany all submissions. Ques- 
tions should be sent to Stewart M. Wolff, MD, 11 E Chase St, Bal- 
timore, MD 21202. 





Prevention of Eyelid Cancer 


What specific recommendations, in terms of prevention, 
Q should be given to a patient with basal cell carcinoma of the 
eyelid? 


Every ophthalmologist who treats a patient with an 
A actinic-related cutaneous malignant neoplasm is ob- 
ligated to offer counsel for avoiding continued sun-related 
ultraviolet damage. These recommendations include the 
following: 

1. Obtain a good sunscreen with a sun protection factor 
rating of 15 or higher and apply adequately on the face and 
below the eyelids daily. Sunscreen above the eyelids or on 
the forehead may cause eye irritation with perspiration; 
therefore, apply lightly in these areas. Apply in front of a 
mirror to minimize haphazard spreading and ensure cov- 
erage to delicate areas. 

2. Replace the sunscreen during the day if in the water 
or performing strenuous activities. 

3. When outdoors, always wear a wide-brimmed hat with 
a dark, nonreflective cloth surface beneath the brim to min- 
imize reflective rays. 

4. Wear wraparound sunglasses like those worn after 
cataract surgery (100% ultraviolet blockage) to protect the 
eyelids from lateral rays. 

5. Sporadic, intense sun exposure can be just as harmful 
as consistent intermediate exposures. Also, even on cloudy 
days, the harmful effects of the sun should not be under- 
estimated. The sun’s rays are most damaging between the 
hours of 10 AM and 3 PM. 

6. Teach the patient early warning signs of cutaneous 
malignant neoplasm. Also, the ophthalmologist should 
check the other sun-exposed areas (tops of ears, backs of 
hands, face, and neck) for other undetected skin cancers. 

JAMES R. PATRINELY, MD 
Houston, Tex 


Partial Nasolacrimal Duct Obstruction in Adults 


What less invasive alternatives to dacryocystorhinostomy 
Q are available to treat adults with partial nasolacrimal duct 
obstruction and symptomatic epiphora? 


If the history or examination suggests an allergic 
mechanism causing intermittent mucosal edema and 
secondary blockage of the nasolacrimal duct, then a trial of 
topical and systemic antihistamines/vasoconstrictors or 
cromolyn sodium will often be effective. Small dacryoliths 
may cause a partial lacrimal outflow obstruction and can 
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occasionally be flushed out by simple irrigation in the office. 
More commonly, acquired partial nasolacrimal duct ob- 
struction is caused by submucosal inflammation and pos- 
sible focal fibrosis.' Silicone intubation is successful in ap- 
proximately three fourths of adults with partial nasolac- 
rimal duct obstruction.* Cases with severe focal obstruction 
or diffuse involvement from diseases such as trachoma have 
a much lower success rate. The tubes are usually removed 
in the office after 3 to 6 months, although some patients are 
so pleased with the results that they refuse removal of the 
tubes for fear of restenosis of the duct. Dacryocystorhinos- 
tomy is recommended for intubation failures. 

JAMES R. PATRINELY, MD 

Houston, Tex 


1. McCormick SA, Linberg JV. Pathology of nasolacrimal duct obstruc- 
tion. In: Linberg JV, ed. Contemporary Issues in Ophthalmology: Lacrimal 
Surgery. New York, NY: Churchill Livingstone Ine; 1988:169-202. 

2. Angrist RC, Dortzbach RK. Silicone intubation for partial and total 
nasolacrimal duct obstruction in adults. Ophthalmic Plast Reconstr Surg. 
1985;1:51-54. 


Inadvertent Blebs After Cataract Surgery 


Q When is it necessary to operate to close an inadvertent 
filtering bleb after cataract surgery, and what techniques 
are most successful? 


Occasionally, a corneoscleral wound leak or filtering 
A bleb will occur after uneventful and well-performed 
cataract surgery, while other cases may be due to poor 
wound closure or trauma. The consequences of a wound leak 
may include flat chamber, hypotony, macular edema, and 
endophthalmitis. If there is obvious wound separation with 
consequent against-the-rule astigmatism, a large symp- 
tomatic bleb, iris to the wound, hypotony, or leak that 
drains externally (ie, positive Seidel test result with sterile 
2% fluorescein), the wound should be promptly resutured. 
When the conjunctiva covers the leak so that a bleb is 
present, the wound closure appears satisfactory (ie, no ap- 
parent gape, chamber deeply formed, no iris to wound), and 
the intraocular pressure is not less than 10 mm Hg, I believe 
it is reasonable to follow up these eyes, although others may 
argue for immediate surgical intervention because of the 
small risk of infection. Tapering administration of the top- 
ical corticosteroids more quickly than usual may promote 
spontaneous scarring and closure of the filtering site. If the 
bleb becomes large and hypotony develops during the first 
few weeks after surgery, a closed eye technique using thin 
silk sutures is simple and successful’; cautery can be used, 
but may damage the conjunctiva and convert a bleb into an 
external leak. In my experience, cryotherapy has not been 
very successful in these instances. A few authors have de- 
scribed the use of chemical irritants. Be sure to have donor 
sclera on hand when repairing a longstanding bleb since, 
with time, the edges of the wound retract and it may not be 
possible to reappose the edges with sutures without grossly 
deforming the cornea. Also, the scleral tissue at the site of 

a bleb may be edematous and hold sutures poorly. 
PETER J. MCDONNELL, MD 

Los Angeles, Calif 


1. Bruner WE, Maumenee AE, Stark WJ. A simple method of repairing 
inadvertant filtering blebs after cataract surgery. Am J Ophthalmol. 1981; 
91:794-796. 
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News and Comment 


The Fight For Sight Research Division 
of the National Society to Prevent Blind- 
ness Announces 1990-1991 Awards.— 
Mildred Weisenfeld, founder and execu- 
tive director of Fight for Sight Inc, and 
Midge Irvin, president of the National 
Society to Prevent Blindness, have an- 
nounced the following scientific re- 
search awards approved for funding 
during 1990-1991: 17 grants-in-aid; 15 
postdoctoral research fellowships; and 
15 student fellowships. Support was 
also provided for the special sympo- 
sium on ocular light damage held on 
April 29, 1990, at the annual meeting of 
the Association for Research in Vision 
and Ophthalmology (ARVO), Saraso- 
ta, Fla. In all, 47 research awards were 
made, totaling $392 300. 

The Fight for Sight-Prevent Blind- 
ness research awards program is ad- 
ministered by Pamela S. Gerali, direc- 
tor of program services for the Na- 
tional Society to Prevent Blindness. 
The Research Scientific Advisory 
Board is chaired by Arthur M. Silver- 
stein, PhD, and includes Arthur H. Neu- 
feld, PhD, Robert B. Nussenblatt, MD, 
Steven M. Podos, MD, Harris Ripps, MD, 
and Melvin L. Rubin, MD. The program 
is administered in cooperation with 
ARVO; Henry F. Edelhauser, PhD, is the 
director of scientific review for ARVO. 
Specific awards made during 1990-1991 
are listed below. 

Grants-in-Aid.— Neeraj Agarwal, PhD, De- 
partment of Pathology, University of 
Texas, Health Science Center, San Antonio, 
for “Isolation and Selection of RPE Specific 
Genes” ($9000). Michael H. Chaitin, PhD, 
Department of Ophthalmology, University 
of Miami, Fla, for “In Situ Hybridization of 
Actin mRNA in Retinal Photoreceptors” 
($11 225). Roger D. Cone, PhD, Vollum Insti- 
tute, Oregon Health Sciences University, 
Portland, for “Molecular Analysis of the 
Role of TSH and Anti-TSH Receptor Anti- 
bodies in Graves Ophthalmopathy” 
($11 000). Rick H. Cote, PhD, Department of 
Biochemistry, University of New Hamp- 
shire, Durham, for “Regulation of Cyto- 
plasmic GMP Concentration in Rod Photo- 
receptors” ($11 000). Edward A. Essock, PhD, 
Department of Psychology, University of 
Louisville, Ky, for “Noninvasive Testing of 
Visual Function” ($11995). Larry P. Froh- 
man, MD, Eye Institute of New Jersey, 
Newark, for “The Incidence and Role of 
Antiphospholipid Antibodies in Optic 
Neuropathies” ($11 000). Tseggai Gherezghi- 
her, PhD, Department of Ophthalmology, 
Dean A. McGee Eye Institute, Oklahoma 
City, Okla, for “Parasympathetic Nervous 
Control of IOP” ($11000). Leah T. Haimo, 
PhD, Department of Biology, University of 
California, Riverside, for “Organelle 
Transport in the RPE” ($11 000). Randy H. 
Kardon, MD, PhD, Department of Ophthal- 
mology, University of Iowa, Iowa City, for 
“Automated Pupil Perimetry in Visual 


Field Loss” ($11 000). Jan P. Koniarek, PhD, 
Department of Ophthalmology, Columbia 
University, New York, NY, for “Molecular 
Mechanisms of Extraocular Muscle 
Therapies” ($11 330). Simeon A. Lauer, MD, 
Department of Ophthalmology, Albert Ein- 
stein College of Medicine, Bronx, NY, for 
“HPV and Ras in the Ocular Adnexa” 
($11 000). Albert M. Maguire, MD, Eye Re- 
search Institute, Oakland University, 
Rochester, Mich, for “Control of Gene Ex- 
pression in Retinal Photoreceptors and 
CNS Pinealocytes by Common Opsin 
Promoters” ($6000). Judith A. Miller, PhD, 
Department of Ophthalmology, Washing- 
ton University, St Louis, Mo, for “Effect of 
H-2 Haplotype on Herpetic Keratitis” 
($11 000). Grant D. Nicol, PhD, Department 
of Pharmacology and Toxicology, Indiana 
University, Indianapolis, for “Probes of the 
Light-regulated Current” ($11000). Car- 
melo Romano, PhD, Department of Pharma- 
cology, University of Pennsylvania, Phila- 
delphia, for “Receptors for Excitatory 
Amino Acids in Retina” ($11 000). Ellen S. 
Townes-Anderson, PhD, Department of 
Physiology, Cornell University Medical 
College, New York, NY, for “Regeneration 
of Adult Retinal Neurons” ($7000). David S. 
Williams, PhD, Department of Visual Sci- 
ences, Indiana University, Bloomington, for 
“Protein Kinase C in Photoreceptors” 
($11 000). 

Postdoctoral Research Fellowships.— 
Dolores Lopez Bernal, MD, Department of 
Physiology, Medical College of Wisconsin, 
Milwaukee, John L. Ubels, PhD, Sponsor, for 
“Metabolism of Retinal Esters in the Lac- 
rimal Gland” ($14 000). Mary Cherian, PhD, 
Department of Cell and Molecular Biology, 
Medical College of Georgia, Augusta, E. C. 
Abraham, PhD, Sponsor, for “Effect of As- 
pirin Treatment on Diabetic, Galactosemic 
and Senile Cataract” ($14000). Jill Crooks, 
PhD, Department of Physiology, University 
of Utah, Salt Lake City, Helga Kolb, PhD, 
Sponsor, for “Investigation into the Ana- 
tomical Basis of Retinal Ganglion Cells in 
Primate” ($14 000). Ronald E. Dei Cas, MD, 
Worthen Center For Clinical Studies, George- 
town University, Washington, DC, Jonathan 
Javitt, MD, Sponsor, for “Detection and 
Control of Retinopathy in Patients with 
Type I and Type II Diabetes: A Health Pol- 
icy Model” ($14000). Patrick M. Flaharty, 
MD, Department of Neuro-ophthalmology, 
Wills Eye Hospital, Philadelphia, Pa, Rob- 
ert C. Sergott, MD, Sponsor, for “Color Dop- 
pler Imaging in the Evaluation of Ischemic 
Optic Neuropathy and Central Retinal Vein 
Occlusion” ($14 000). Suzanne M. J. Fleiszig, 
PhD, Department of Medicine, Brigham 
and Women’s Hospital, Boston, Mass. Ger- 
ald B. Pier, PhD, Sponsor, for “Studies of 
Bacterial Adherence to Corneal Epithelium 
During Extended Wear of Soft Contact 
Lenses” ($14 000). Sharon F. Freedman, MD, 
Department of Ophthalmology, Duke Uni- 
versity, Durham, NC, Diane L. Hatchell, 
PhD, Sponsor, for “Neutrophil-Generated 
Free Radicals and Related Mechanisms for 
Capillary Closure in Diabetic Retinopathy” 
($14000). Shi Huang, PhD, Department of 
Pathology, University of California, San 
Diego, La Jolla, Eva Y. H. P. Lee, PhD, 
Sponsor, for “Defining the Domains of RB 
Involved in Tumor Suppression” ($14 000). 
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Pavel Iserovich, MD, Department of Oph- 
thalmology, Columbia University, New 
York, NY, Jorge Fischbarg, MD, PhD, Spon- 
sor, for “Water Permeability Mechanisms 
in Cell Membranes” ($14000). Janet K. Oh, 
MD, Department of Biomedical Engineer- 
ing, Northwestern University, Evanston, 
Ill, John B. Troy, DPhil, Sponsor, for “Effect 
of Ambient Illumination on the Spatial 
Properties of Y Cell Receptive Fields” 
($14 000). Jody A. Rada, PhD, Department of 
Ophthalmology, The Eye & Ear Institute of 
Pittsburgh (Pa), John R. Hassell, PhD, Spon- 
sor, for “Do Retinal Factors Stimulate 
Scleral Growth in Myopia?” ($14 000). Elcio 
H. Sato, MD, Eye Research Institute, Bos- 
ton, Mass, David A. Sullivan, PhD, Sponsor, 
for “Influence of Hormone Therapy in 
Sjogren’s Syndrome in Lacrimal Gland” 
($12000). Cassandra L. Schlamp, PhD, De- 
partment of Visual Sciences, Indiana Uni- 
versity, Bloomington, David Williams, PhD, 
Sponsor, for “Characterization of Cytoskel- 
etal Proteins in the Vertebrate Rod Outer 
Segment” ($14000). Kunihiko Uchida, MD, 
PhD, Department of Neurology, The Chil- 
dren’s Hospital, Boston, Mass, S. A. Lipton, 
MD, PhD, Sponsor, for “Neurotransmitters 
Effect Process Outgrowth and Plasticity of 
Mammalian Retinal Ganglion Cells” 
($14000). Edna N. Yamasaki, MD, Depart- 
ment of Neurology, Massachusetts General 
Hospital, Boston, Douglas O. Frost, PhD, 
Sponsor, for “Plasticity in the Development 
of Retinal Projections” ($14 000). 

Student Fellowships.—Faroog Ashraf, De- 
partment of Ophthalmology, Georgetown 
Medical School, Washington, DC, H. Dwight 
Cavanagh, PhD, MD, Sponsor, for “Confocal 
Microscopy of the Human Eye” ($1500). 
Sundeep Dey, Department of Ophthalmol- 
ogy, Boston (Mass) University, Ross B. Ed- 
wards, PhD, Sponsor, for “Role of Muller 
Cells in the Vitamin A Cycle” ($1000). Karen 
R. Dobkins, The Salk Institute, San Diego, 
Calif, Thomas D. Albright, PhD, Sponsor, for 
“The Use of Color by the Motion System” 
($1500). Robert J. Fucigna, Division of Al- 
lergy and Immunology, UMDNJ-New Jer- 
sey Medical School, Newark, Leonard Bielo- 
ry, MD, Sponsor, for “Immunological Tear 
Analysis of AIDS Patients with Kerato- 
conjunctivitis Sicca” ($1000). Daphne D. 
Jones, Department of Ophthalmology, Uni- 
versity of Michigan, Ann Arbor, Peter F. 
Hitchcock, PhD, Sponsor, for “Studies of 
Retinal Regeneration in the Goldfish” 
($1250). Alfred B. Lord, Department of Neu- 
robiology and Physiology, Northwestern 
University, Evanston, Ill, Fred W. Turek, 
PhD, Sponsor, for “Blue Cone Involvement 
in Circadian System Entrainment to the 
Light-Dark Cycle” ($1500). Carlos J. Medra- 
no, College of Optometry, University of 
Houston, Tex, Donald A. Fox, PhD, Sponsor, 
for “Isolation and Characterization of Rod 
Photoreceptor Mitochondria” ($1500). 
Katherine L. Olin, Department of Nutrition, 
University of California, Davis, Carl L. 
Keen, PhD, Sponsor, for “Trace Element 
Metabolism and Antioxidant Status in 
Rhesus Monkeys with Age-Related Macu- 
lar Degeneration” ($1500). ShiYoung Roh, 
Joslin Diabetes Center, Boston, Mass, Gloria 
Wu, MD, Sponsor, for “The Electro- 
retinogram in Background Diabetic Retin- 
opathy” ($1500). Maria A. Rupnick, Depart- 
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ment of Surgery, The Children’s Hospital, 
Boston, Mass, Judah Folkman, MD, Sponsor, 
for “Penetration, Retention and Distribu- 
tion of Beta-Clycodextrin Teradecasulfate 
and Anti-angiogenetic Steroids in the Rab- 
bit Cornea” ($1500). Peter L. Sonkin, Depart- 
ment of Ophthalmology, Duke University, 
Durham, NC, Diane L. Hatchell, PhD, Spon- 
sor, for “The In Vivo Effects of Pentoxifyl- 
line on PMN Deformability in Diabetic 
Cats” ($1500). Richard Steinfeld, Depart- 
ment of Anatomy, UMDNJ-New Jersey 
Medical School, Newark, David O. DeFouw, 
PhD, Sponsor, for “Permeability Charac- 
teristics of Normal Neovascular Segments” 
($1000). Katherine J. Strissel, Department of 
Biology, Temple University, Philadelphia, 
Pa, Joel B. Sheffield, PhD, Sponsor, for 
“Characterization of PNA-Binding Pro- 
teins during Chick Retinal Development” 
($1500). Catherine D. Thaler, Department of 
Biology, University of California, River- 
side, Leah T. Haimo, PhD, Sponsor, for 
“Regulation of Organelle Transport in the 
RPE” ($1500). Hai N. Vo, Department of 
Physiology, University of Pittsburgh, Pa, 
Elias Aizenman, PhD, Sponsor, for “Survival 
of Retinal Ganglion Cells in Culture” 
($1500). 

1991-1992 Awards Program.—The 
Fight for Sight Research Division of 
the National Society to Prevent Blind- 
ness is pleased to announce the awards 
program for 1991-1992. The program 
includes grants-in-aid with priority 
given to the new investigator and for 
pilot projects, with a maximum annual 
award of $12000; postdoctoral re- 
search fellowships with a maximum 
annual award of $14000; student fel- 
lowships to students of medicine and 
the basic sciences, generally awarded 
during the summer for a maximum of 
3 months at $500 per month. The clos- 
ing date for receipt of applications for 
1991-1992 is March 1, 1991. Application 
forms and descriptive brochures are 
available from the Fight for Sight Re- 
search Division of the National Society 
to Prevent Blindness, 500 E Remington 
Rd, Schaumburg, IL 60173. 


John J. Grande, Jr, Named Chair- 
man of A. Edward Maumenee Soci- 
ety.—John J. Grande, Jr, has been 
named chairman of the A. Edward Mau- 
menee Society, dedicated to the ad- 
vancement of scientific research into 
the causes, cures, and treatments of all 
eye diseases and disorders. Established 
under the auspices of Tissue Banks In- 
ternational, the largest nonprofit net- 
work of eye banks in the world, the 
Society was founded to honor A. Ed- 
ward Maumenee, MD, surgeon and pio- 
neer in sight preservation. Dr Mau- 
menee is currently the Director 
Emeritus of the Department of Oph- 
thalmology at the Wilmer Institute, the 
Johns Hopkins Hospital, Baltimore, 
Md. John Grande is president and chief 
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A. Edward Maumenee, MD (seated), and 
John J. Grande, Jr 


executive officer of Grande Financial 
Services Inc, a registered investment 
advisory firm located in New Jersey. Mr 
Grande will direct the activities of the 
Society, which is committed to provid- 
ing financial support to research pro- 
jects funded by Tissue Banks Interna- 
tional’s Eye Research Program. 


Retinitis Pigmentosa Reports and 
Tissue Samples Available.—The Reti- 
nitis Pigmentosa Foundation Fighting 
Blindness sponsors histopathologic 
studies of donor eyes from patients with 
retinitis pigmentosa and other inherited 
retinal dystrophies and from obligate 
and suspected carriers of these disor- 
ders. Detailed histopathologic reports, 
including macrophotography and light 
and electron microscopy, have been 
generated on approximately 100 eyes 
and are now available to interested re- 
searchers. These reports document the 
findings on patients from ages 2 to 96 
years (most are older than age 70 years) 
with different genetic forms of retinal 
degeneration at various stages of dis- 
ease. Tissue samples and sections from 
many of these donor retinas are avail- 
able for distribution to qualified investi- 
gators. For more information, contact: 
Jill C. Hennessey, MS, Coordinator, 
Retina Donor Program, Retinitis Pig- 
mentosa Foundation Fighting Blind- 
ness, 1401 Mt Royal Ave, Baltimore, 
MD 21217; Tel: (301) 225-9400. 

Tissue Banks International Eye 
Research Program Awards Five 
Grants. —Tissue Banks International 
(TBI) has announced that five projects 
have been selected by its research com- 
mittee to receive funding for 1990-1991. 
According to a statement by Walter J. 
Stark, MD, medical director of TBI, 
and Ronald E. Smith, MD, chairman of 





the TBI research committee, grants 
ranging from $5000 to $10 000 were 
awarded to: Marcia M. Jumblatt, MA, 
University of Louisville, Ky; Scott X. 
Stevens, MD, Dean A. McGee Eye In- 
stitute, Oklahoma City, Okla; L. David 
Omerod, MD, Loma Linda (Calif) Uni- 
versity Medical Center; David Hwang, 
MD, Doheny Eye Institute, Los Ange- 
les, Calif; and Jay S. Pepose, MD, PhD, 
Washington University, St Louis, Mo. 
Funding for the TBI research program 
is provided in part by public donation 
through a joint effort of TBI and the 
Guild of Prescription Opticians of 
America. Monies collected in donation 
boxes placed with participating Guild 
opticians constitute a major source of 
support for the program. 

Sophia M. Chung, MD, Appointed 
Instructor at St Louis University 
School of Medicine.—Sophia M. 
Chung, MD, has been appointed in- 
structor in the departments of ophthal- 
mology and neurology at the St Louis 
(Mo) University School of Medicine. Dr 
Chung came to St Louis University 
Medical Center from the Cullen Eye In- 
stitute, Baylor College of Medicine, 
Houston, Tex, where she completed her 
residency in ophthalmology and served 
a fellowship in neuro-ophthalmology. 
She earned her medical degree from 
Duke University School of Medicine, 
Durham, NC, in 1985. 

John B. Holds, MD, Appointed As- 
sistant Professor at St Louis Universi- 
ty School of Medicine.—John B. 
Holds, MD, has been appointed assis- 
tant professor in the department of oph- 
thalmology, with a secondary appoint- 
ment as assistant professor in the 
department of otolaryngology, at the St 
Louis (Mo) University School of Medi- 
cine. Dr Holds joined St Louis Universi- 
ty School of Medicine from the Universi- 
ty of Texas Medical Branch in 
Galveston, where he served as assistant 
professor in the department of ophthal- 
mology. He earned his medical degree 
from Southwestern Medical School in 
Dallas in 1983. He then completed a 
clerkship in clinical ophthalmology at 
Addenbrookes Hospital, Cambridge 
University, England. 


Obituaries 


PIEPERGERDES, Clarence C, 86, 
Phoenix, Ariz; University of Iowa Col- 
lege of Medicine, 1931; died July 27, 
1990. 





ROSENTHAL, Gerald Carl, 54, 
Brooklyn, NY; Dalhousie University, 
Facility of Medicine, 1963; residency, 
New York Eye and Ear Infirmary, 
1966; certified by the American Board of 
Ophthalmology; died January 18, 1990. 
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Editorial 





Does Anyone Know How to Differentiate a 


‘Functional’ Defect From a Cosmetic One? 


ith the recent changes in medicine and reim- 

bursement, it is important for physicians to 
differentiate cosmetic from functionally debilitating 
(functional) problems. In the past, most insurance 
companies covered surgery for functional problems. 
Physicians are now being placed between the prover- 
bial rock and a hard place by patients who are accus- 
tomed to superior medical care and by insurance car- 
riers cutting costs by rejecting claims on grounds that 
the surgery is cosmetic in nature and not functional. 

Some insurance, such as Medicare, will not preau- 
thorize surgery. However, if they later determine the 
surgery was cosmetic, the physician is not reim- 
bursed. The physician may even be fined for charging 
if the patient was not informed that the claim might 
be rejected, even though there are no definitive crite- 
ria for what is judged cosmetic or functional. These 
rules limit care and create anxiety for both patients 
and physicians, thereby discouraging both parties 
from treatment. 

Patients and physicians are at the mercy of insur- 
ance reviewers, most of whom have little expertise 
and (worse) no firm rules to guide them in differen- 
tiating functional from cosmetic surgery. We have 
requested the functional indications for upper ble- 
pharoplasty or ptosis surgery from insurance carri- 
ers. On one occasion, we were informed that skin or 
an eyelid that obstructs a portion of the pupil or vi- 
sual axis is the minimal accepted criteria for func- 
tional surgery; on another occasion, the same insur- 
ance carrier stated that skin or an eyelid must occlude 
the entire pupil to be considered functional. Some- 
times we are informed that visual fields are required; 
on other occasions, we are told that fields are not re- 
quired and will not be reimbursed if performed. 

The difficulty in documenting whether blepharo- 
plasty, browplasty, or ptosis surgery is functional or 
cosmetic further emphasizes the lack of scientific data 
regarding how much excess tissue or droop of an eye- 
lid is required to cause a visual defect. The recent re- 
port by Meyer and associates! is an important study 
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of visual field loss associated with increasing levels of 
simulated ptosis. Quantitative analysis of their data 
demonstrates a linear relationship between increas- 
ing ptosis and superior visual field loss. Although 
their study was performed with a slightly smaller test 
object than that used in the American Medical Asso- 
ciation’s (AMA) guide for visual impairment,’ they 
documented a superior visual field height of 38° 
(compared with a normal value of 55°) for an exper- 
imental ptosis with a marginal reflex distance of 1.5 
to 2.0 mm. 

In Table 1, we determined the percent of visual field 
loss for various amounts of ptosis as calculated by the 
AMA guide’ based on the data of Meyer et al.' This 
table suggests a functional deficit, defined as a mea- 
surable decrease in visual field,? associated with 
experimental ptosis with marginal reflex distances of 
1.5 to 2.0 mm or less. An earlier study by Cahill and 
associates? provides additional documentation of the 
effect of blepharoptosis on reducing the visual field. 

The study of Meyer et al! used a contact lens located 
immediately anterior to the cornea to simulate ptosis. 
Optical principles suggest that a lid margin located 
further anterior to the pupil than the contact lens 
used in this study has a greater effect in occluding su- 
perior light rays and limiting the superior field of vi- 
sion. Skin overhanging the lid margin may have even 
more pronounced effect. Eyelashes pass below the lid 
margin, and in cases of dermatochalasis or ptosis 
where the lashes are directed more inferiorly than 
normal, the lashes can provide additional visual 
obstruction and may result in trichiasis. 

Brow ptosis is frequently associated with derma- 
tochalasis and may be more of a functional problem 
than excess upper eyelid skin. An upper blepharo- 
plasty is a disservice to such a patient, because it ag- 
gravates brow ptosis. Insurance companies must be 
educated that a direct brow elevation may be a func- 
tional procedure by demonstrating photographs and 
fields (before and after raising the brow with a finger 
or tape) and convincing reviewers, if necessary, to 
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Table 1.—Computation of Percent of Loss of Visual 
Field for Various Amounts of Ptosis* 


Marginal Reflex Measured 
CL Distance SVF Height % of Visual 
No. (Putterman’), mm (Meyer et al’) Loss (AMA?) 


* The calculation assumes the same number of degrees of visual field 
loss superotemporally and superonasally as superiorly. Since the eyelid 
curves nasally and temporally, visual field loss is usually greater in these 
areas. Thus, the true visual field loss would likely be greater than cal- 
culated in a “true” ptosis. CL indicates simulated ptosis contact lens; 
SVF, superior visual field. 














obtain authorization for surgery. 

Lower blepharoplasty, on the other hand, is seldom 
performed for functional reasons. A marked excess of 
skin and redundant tissues, which hang on the spec- 
tacles and block vision or result in eyelid deformities, 
are the only functional indications. When eyelid 
margin deformities such as trichiasis, entropion, or 
ectropion exist, these cases are best reimbursed by 
coding them as such. The indications for functional 
ptosis, blepharoptosis, and brow surgery are summa- 
rized in Table 2. 

We believe a full-face photograph with the fore- 
head relaxed and the head in primary position is the 
best documentation to determine whether surgery in 
the periorbital region is functional or cosmetic. Obvi- 
ously, most patients with upper lid ptosis, derma- 
tochalasis, or brow ptosis can clear the pupil by max- 
imum brow use and a marked backward head tilt. 
However, this is a most uncomfortable posture and 
represents a functional disability. If a visual field is 
required, it is again important that the head be placed 
in primary position with the forehead relaxed. A vi- 
sual field demonstrating a superior visual field defect, 
and another field demonstrating relief of this defect 
with the ptotic eyelid, eyelid skin, or ptotic brow el- 
evated, is convincing to many insurance carriers. 

In the past, congenital ptosis and strabismus sur- 
gery have been less scrutinized than adult surgeries 
(such as blepharoplasty), but this is changing. Unless 
correcting congenital ptosis or strabismus helps alle- 
viate the visual acuity or visual field loss, these oper- 
ations may soon be deemed “cosmetic” by insurance 
companies.’ This philosophy may soon include the 
correction of many congenital deformities and cra- 
niofacial abnormalities. 

It is important that physicians be responsible in 
their evaluation of functional vs cosmetic surgery. 
While most physicians try to help their patients in 
obtaining approval and reimbursement for functional 
surgery, we must not be afraid to tell patients that the 
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Table 2.—Indications for Functional Ptosis, 
Blepharoplasty, and Brow Surgery 


Skin or an eyelid margin that obstructs any portion of the pupil 

An eyelid position that results in a visual field defect 

Excess tissue or ‘“‘droopiness’”’ that results in ocular irritation or 
eyelid malposition (such as trichiasis, entropion, or ectropion) 

A ptotic brow that causes any of the above indications, and the 

defect can be corrected by brow elevation 







problem is cosmetic, and that the surgery will prob- 
ably not be covered by insurance. If we are not hon- 
orable gatekeepers, then we encourage further exter- 
nal controls. 

Unfortunately, health insurance companies have 
taken an all-or-none stand regarding reimbursement 
for functional vs cosmetic eyelid surgery. This is fre- 
quently unfair to both patients and insurance carri- 
ers. In some other questionable areas, such as nose 
surgery, a percentage of the surgery may be allowed 
as functional and the remainder may be judged to be 
cosmetic and not reimbursed. This seems to be the 
only fair manner to use for determining reimburse- 
ment in these borderline functional vs cosmetic cases. 
Surgeons should be encouraged to lobby insurance 
companies to review borderline eyelid cases in this 
percent functional manner. 

In summary, functional vs cosmetic surgery will 
continue to incur increased scrutiny. Physicians, pa- 
tients, and insurance reviewers should work together 
to establish uniform criteria to determine functional 
vs cosmetic indications for surgery. This is necessary 
to protect patients and physicians from nonreim- 
bursed claims, and to protect medical reviewers from 
appearing to have a conflict of interest for being paid 
to reduce and control reimbursement. 

RICHARD L. ANDERSON, MD 
Salt Lake City, Utah 


JOHN B. HoLtps, MD 
Galveston, Tex 


References 


1. Meyer DR, Linberg JV, Powell SR, Odum JV. Quantitating the 
superior visual field loss associated with ptosis. Arch Ophthalmol. 
1989;107:840-843. 

2. American Medical Association. Guides to Evaluation of Per- 
manent Impairment. 2nd ed. Chicago, Ill: American Medical Asso- 
ciation; 1984. 

3. Cahill KV, Burns JA, Weber PA. The effect of blepharoptosis 
on the field of vision. Ophthalmic Plast Reconstr Surg. 1987;3:121- 
127. 

4. Anderson RL, Baumgartner SA. Amblyopia in ptosis. Arch 
Ophthalmol. 1980;98:1068-1069. 

5. Putterman AM. Evaluation of the cosmetic oculoplastic sur- 
gery patient. In: Putterman A, ed. Cosmetic Oculoplastic Surgery. 
New York, NY: Grune & Stratton; 1982:18-19. 


Editorial 


Clinical Sciences 





The Pretear Characteristics of 
Pigment Epithelial Detachments 


A Study of 40 Eyes 


Gabriel Coscas, MD; Francoise Koenig, MD; Gisèle Soubrane, MD 


è Retinal pigment epithelial tears are a 
major complication of pigment epithelial 
detachment (PED) in the elderly. We ob- 
served the pretear process of PED in 38 
patients (40 eyes) to identify characteris- 
tic angiographic changes. Before the tear 
occurred, the filling pattern of the PED 
underwent alterations, including an in- 
crease in the size and a modification in 
the shape of the PED (27 eyes); the 
development of notches (14 eyes); and 
the onset or increase of subretinal fluid, 
hard exudates, and/or hemorrhages (30 
eyes). The most noteworthy feature was 
the uneven filling of the PED, with a 
remarkably hypofluorescent central area 
that remained dark until the late angio- 
graphic frames (24 eyes). Conversely, 
hyperfluorescence appeared early at the 
margins of the PED, increased progres- 
sively, and sometimes demonstrated a 
crenated edge. The high risk of tearing 
indicates that laser treatment of the reti- 
na should be considered carefully in the 
presence of these angiographic features. 

(Arch Ophthalmol. 1990;108:1687- 
1693) 


Retinal pigment epithelial tears are 

one of the major evolutionary com- 
plications of serous retinal pigment 
epithelial detachment (PED) in the el- 
derly. They were first recognized by 
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Hoskin and associates in 1981.' Nu- 
merous studies since then have docu- 
mented the ophthalmoscopic and an- 
giographic features of the tears’ and 
have characterized their occurrence 
(spontaneously or after laser photo- 
coagulation),”” poor visual progno- 
sis,” long-term evolution,” and possi- 
ble pathogenic hypotheses.” Pretear 
characteristics, however, are not rec- 
ognized. 


See also pp 1672, 1694, and 1770. 


We performed a retrospective study 
to document the clinical and angio- 
graphic features of PED before a tear 
occurred spontaneously, to describe 
and eventually recognize the clinical 
indications for laser therapy for PED. 
Special attention was given to direct or 
indirect signs of associated subretinal 
neovascularization in the pathogenesis 
of the lesion.”’”” 


PATIENTS AND METHODS 


To identify accurately the chronologic 
changes of the PED that are characteristic 
of the pretear stage, we analyzed the re- 
sults of the clinical examination and the 
patients’ records, stereocolor photographs, 
and fluorescein angiograms. 

Included in the study were 40 eyes (38 
patients), for which at least one fluorescein 
angiogram was obtained before the tear 
occurred. The natural course of the tear 
was assessed by the clinical and angio- 
graphic features during three stages: pre- 
tear, tearing, and scarring. 

Choroidal neovascularization was specifi- 


cally sought and was considered to be pres- 
ent when angiography demonstrated a sub- 
retinal neovascular complex that consisted 
of a visible, lacy, or cartwheel pattern or a 
“hot spot.” A subretinal neovascular com- 
plex was suspected if the following symp- 
toms of occult subretinal new vessels were 
present: notched or lobulated PED with 
protuberances, a hazy late hyperfluorescent 
area with pinpoints of dye, and radial cho- 
roidal or retinal epithelial folds.’”"’ The 
characteristics of the tear and additional 
changes during the scarring phase, as well 
as visual outcomes, were noted. 


RESULTS 


From 1983 to 1988, we examined 98 
patients with age-related macular de- 
generation who had evidence of a re- 
cent tear of the PED. A fluorescein 
angiogram before the tear occurred 
was available in 38 patients (40 eyes). 
The patients included 25 women and 13 
men who ranged in age from 57 to 84 
years (mean, 74.2 years). 

The mean total period for review 
before the onset of the tear for these 
40 eyes was 7.1 months (range, 1 to 30 
months). The follow-up period ranged 
from 6 to 75 months (mean, 23.5 
months). 


Pretear Stage 


Visual acuity ranged from 20/25 to 
central scotoma; 34 eyes (85%) had a 
visual acuity equal or better than 
20/100, of which 25 eyes had better 
than 20/60. Six eyes had a visual acuity 
of 20/200 or worse. 

Associated subretinal hemorrhages 
occurred in 30 (75%) of the 40 eyes. 
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Fig 1.—Pretear changes in the filling pattern of the pigment epithelial detachment. Left, Pigment epithelial detachment with 
uneven filling and irregular shape is surrounded by patchy retinal hemorrhages (visual acuity, 20/100). Middle, In 31 days, 
the temporal part of the pigment epithelial detachment is dramatically increased in size, with arciform inferior subretinal 
hemorrhage. Note the crenated edge on the superotemporal border of the detachment, with intense hyperfluorescence 
(arrows) (visual acuity, 20/400). Right, Four days later the retinal pigment epithelial tear is obvious: central retraction of the 
retinal pigment epithelium reveals visible subretinal new vessels (arrows) (visual acuity, <20/400). 





Fig 2.—Extensive subretinal hemorrhage showing, after resorption, a retinal pigment epithelial tear. Left, The profuse 
subretinal hemorrhage extends underneath the whole posterior pole (central scotoma). Right, After progressive resorption 
of the blood during a 3-month period, typical features of the tear became visible. There is an extensive area of bare Bruch’s 
membrane (white arrows) and rolled-up retinal pigment epithelium along the superotemporal arcade (black arrows). 


The most typical aspects of these sub- 
retinal hemorrhages were a circumfer- 
ential or arciform pattern surrounding 
the PED (13 eyes; Fig 1, left) or 
localized within the PED in an inferior 
meniscus (three eyes) or as an exten- 
sive and profuse subretinal hemor- 
rhage that was nonelevated and that 
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masked the hyperfluorescence of the 
PED (seven eyes; Fig 2, left). In a few 
cases, small and patchy intraretinal 
hemorrhages were visible in the area 
of the PED (seven eyes). 

In these 40 eyes, the tear occurred 
within three general circumstances. In 
four eyes, the tear was a complication 
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of an old PED (Fig 3) or a fibrovascu- 
lar lesion, either organized (two eyes) 
or associated with an extensive lacy 
and visible neovascular network (two 
eyes). These eyes also demonstrated 
an increase in subretinal exudation and 
hemorrhages in the area of the tear. In 
six eyes, the tear was preceded or 
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Fig 3.—A retinal pigment epithelial tear occurring on an old macular lesion. Left, The acute tear is associated with a 
recurrence of subretinal exudation and hemorrhages over the area of the tear (visual acuity, 20/40). Note the inferior blood 
meniscus in the retinal serous detachment (white arrows). Right, Scarring occurred with resolution of exudation during a 


period of 1 month. The area of the tear is well delineated on the angiographic frame (black arrows). Visual acuity was 20/50 
at that time. 


Fig 4.—Changes in the filling pattern of the pigment epithelial detacnment. Top left, Typical hyperfluorescent pigment 
epithelial detachment and cruciform retinal pigment epithelial alterations are seen in the foveal area. Few irregularities in 
the round shape are visible. Visual acuity was 20/70. Top right, Three months later, the central hypofluorescence of the 
lozenge-shaped pigment epithelial detachment is prolonged. The edges are hyperfluorescent. Increased hyperfluores- 
cence is found in the area where the tear is occurring (white arrows). An even pigment epithelial detachment persists 
temporally. Vision had decreased to 20/125. Bottom, Eight weeks later, an inferotemporal tear (white arrows) is visible. 
Note three buds of subretinal new vessels on the early frame (bottom left) that leak profusely (bottom right). Peripheral 
choroidal folds surround the lesion. Visual acuity was unchanged. 
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Fig 5.—Pretear changes in the filling pattern of the pigment epithelial detachment. Top, Central hypofluorescence of the 
pigment epithelial detachment is demonstrated with accentuated hyperfluorescence on the inferotemporal border (early 
frame, top left). The contrast between these two areas is marked on the late frame (top right) (visual acuity, 20/60). Bottom, 
Three weeks later, the nasal part of the pigment epithelial detachment remains hypofluorescent, with uneven vermiculated 
hyperfluorescent areas (white arrows, bottom left). In the area of bare Bruch's membrane, profuse leakage is seen in the 
subretinal space on late frames (black arrows, bottom right) (visual acuity, 20/200). 


occurred concomitantly with a large 
subretinal hemorrhage that hid the 
PED or the tear and the macular 
area completely. The retinal pigment 
epithelial tear was revealed only af- 
ter the hemorrhage subsequently re- 
sorbed (Fig 2, right). 

In the remaining 30 eyes, the tear 
occurred in patients presenting initial- 
ly with a PED. Careful analysis of 
stereoscopic color photographs and flu- 
orescein angiograms helped to identify 
several changes in the PED before the 
tear occurred. These changes consist- 
ed of progressive modifications in the 
shape of the PED, the pattern of the 
fluorescein filling of the PED, and the 
presence of hemorrhages (Figs 1, mid- 
dle, and 4, top left). Specifically, in 
these 30 eyes the PED was irregularly 
shaped (27 eyes) (Fig 5, top left and 
top right); the border of the detach- 
ment had one or several notches (14 
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eyes) (Fig 6, top left); and the back- 
ground hyperfluorescence of the PED 
demonstrated obvious hot spots (six 
eyes). 

A PED in two parts was, however, 
the most characteristic angiographic 
feature. Both parts filled simulta- 
neously but differently with the dye; 
one part appeared elevated, with regu- 
lar, even, and late hyperfluorescence, 
and the second part remained more flat 
and granular and was associated with 
late and heavily hyperfluorescent pin- 
points of dye, suggesting the presence 
of occult subretinal new vessels (Fig 5, 
top left and top right). The typical 
PED, which was round and disclosed 
early homogeneous and progressive 
hyperfluorescence with late accumula- 
tion of dye, was observed in only three 
eyes (Fig 4, top left). 

Subretinal new vessels could be con- 
sidered an associated feature of the 
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PED at this pretear stage in most 
vases (28 eyes). In 20 of 28 eyes, occult 
subretinal new vessels were suspected 
either within the PED (Fig 5, top left) 
or on its border (Fig 6, top left). In 
only two cases was a typical cartwheel 
hyperfluorescence with late leakage of 
dye associated with PED. Fluorescent 
hot spots were observed in six eyes. In 
the remaining two eyes, no subretinal 
new vessels could be detected. 

Just before the tear occurred, 
the pattern of the PED changed on 
sequential angiographic examination. 
Specifically, the PED showed a defi- 
nite increase in size. The homogeneous 
part of the PED extended and became 
more elevated (16 eyes; Fig 1, left and 
middle). Also, changes were noted in 
the filling pattern of the PED (24 
eyes). Filling became uneven, and 
there was a central area of prolonged 
hypofluorescence early, with a charac- 
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Fig 6. —Pretear changes of the pigment epithelial detachment. Top left, Irregularly shaped, polylobulated pigment epithelial 
detachment is demonstrated with several notches (white arrows). Top right, Central leakage is delayed. Bottom, Six weeks 
later, a central hypofluorescent area is surrounded by early hyperfluorescent margins (bottom left) with accumulation of dye 


on the late frame (bottom right), without evidence of subretinal new vessels. Visual acuity was stable during that period 
(20/60). 


Fig 7.—Circular (360°) retinal pigment epithelial tear. Left, Red-light frame, before injection of the dye. Details of the choroid 
are directly visible in the area of the tear. Right, Hyperfluorescence is seen in the area of the tear, which totally surrounds the 


(visual acuity, 20/200). 
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Fig 8.— Retinal pigment epithelial tear, without associated subretinal new vessels. Top, After the tearing process, the retinal 
pigment epithelium remains covering the temporal part of the pigment epithelial detachment (top left). Note the fine retinal 
pigment epithelial folds and retinal pigment epithelial alterations in the center (top right, arrows) (visual acuity, 20/40). 
Bottom, After 3 months, the retinal pigment epithelium has retracted, leaving an increased area of Bruch’s membrane 
(bottom left), but the foveal area is still covered (bottom right; visual acuity, 20/40). 


teristic accumulation of dye on the late 
frame (Fig 6, bottom left). 


Natural Course 


Tearing Phase.—Most of the pa- 
tients experienced a rapid decrease of 
vision during the acute phase of the 
tear. Visual acuity was 20/200 or worse 
in 27 eyes (70%) and 20/100 or better in 
13 eyes, of which six eyes retained 
visual acuity of 20/60 or better. 

The edges of the tear were usually 
well defined on the red-light frame, 
before the injection of dye (Fig 7, left). 
At this time, details of the choriocapil- 
laris were abnormally visible in the 
area of the tear and were delineated by 
a dark, straight band of retracted reti- 
nal pigment epithelium (Fig 4, bottom 
right). 

The tear was usually located at the 
periphery of the PED, in the temporal 
area (52 eyes) (Figs 4, top right, and 5, 
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bottom left and bottom right). The tear 
remained relatively small in 27 eyes 
but involved half or more of the cir- 
cumference of the PED in 10 eyes. The 
tear extended for 360° in two eyes (Fig 
7, left and right). In one eye, a second 
tear was observed during follow-up. 

In most cases (37 eyes), the retract- 
ed retinal pigment epithelium re- 
mained in the central macular area. 
The fovea, however, even when cov- 
ered with retinal pigment epithelium, 
was involved with subretinal hemor- 
rhages or with subretinal new vessels. 
The new vessels became visible and 
lacy in 18 eyes (Figs 1 and 4, bottom 
left and bottom right) and remained 
occult in 12 eyes. In the remaining 
eyes, the hemorrhage obscured the 
new vessels. 

Scarring Phase. — After the tear oc- 
curred, the progressive development 
of dense fibrovascular tissue with pat- 
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ent subretinal neovascularization was 
noted early, and a rapid resorption of 
subretinal fluid and scarring of the 
lesion took place (24 eyes). Visual acu- 
ity dropped dramatically in 38 eyes 
(95%) to 20/200 or worse. Only two 
eyes retained a visual acuity of 20/100 
or better. 

The tear remained recognizable on 
the last fluorescein angiogram of the 
follow-up period in only 14 eyes. In 
two eyes, the hemorrhage diffused fur- 
ther into the vitreous, precluding fun- 
dus examination. Twenty-five eyes 
developed a fibrovascular scar, associ- 
ated with chorioretinal folds in five 
eyes. New vessels were still active in 
nine eyes. Only one eye remained 
without visible subretinal neovascular- 
ization during the 24 months of follow- 
up, and the tear remained atrophic 
(final visual acuity for this eye was 
20/40) (Fig 8). Three patients were 
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unavailable for follow-up after the oc- 
currence of the tear. 

Fellow Eye.—In 11 patients, the 
eyes included in this study were the 
first to be associated with complica- 
tions of age-related macular degenera- 
tion. The fellow eyes of these patients 
showed only retinal pigment epithelial 
alterations (four eyes) and/or drusen 
(nodular in four, soft in two, and mixed 
in one); visual acuity in this group was 
20/40 or better. 

Severe symptoms of age-related 
macular degeneration were observed 
in 26 of 38 patients in this series (there 
was one monocular patient); two eyes 
showed a PED, six eyes a recent ac- 
tive subretinal neovascularization, and 
17 eyes a disciform macular lesion. An 
old scar from a retinal pigment epithe- 
lial tear was still visible in 13 of these 
17 eyes. The fundus of the last patient 
was inaccessible because of a profuse 
intravitreal hemorrhage. 


COMMENT 


In their first report, Hoskin and 
coworkers’ described a pretear stage 
in which the PED showed two differ- 
ent parts in eight of 12 patients who 
were observed before the tear. Drusen 
were present in one part on the deep 
surface of the PED with uneven, early 
hyperfluorescence. The other part ap- 
peared drusen free, with greater ele- 
vation, and with more uniform and 
delayed hyperfluorescence. The tear 
occurred along the edge of the feature- 
less and evenly hyperfluorescent por- 
tion. Hoskin et al presumed that the 
retinal pigment epithelium was de- 
tached from its basement membrane. 
They observed hemorrhages in a few 
cases (five of 44) and failed to identify 
subretinal new vessels. They did not 
consider the neovascularization to be 
the primary mechanism in the patho- 
genesis of retinal pigment epithelial 
tears. 

Gass” speculated that all tears of the 
retinal pigment epithelium are associ- 
ated with a choroidal neovascular pro- 
cess. He believes that the delayed and 
nonuniform staining in the pretear an- 
giographic appearance is due to the 
presence of probable choroidal neovas- 
cularization. In our cases, most eyes 
presented with new vessels. New ves- 
sels were mainly of the ill-defined type 
at the pretear stage but of the well- 
defined type after the tear occurred. 

In our series of 38 patients, an at- 
tempt was made to identify the fea- 
tures of a PED that is at high risk 
of tearing. The pretear angiograms 
showed important alterations in the 
filling pattern of the PED just before 
the tearing occurred. Some features 
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were already well known, including 
changes in size and shape of the PED, 
notches, and occurrence or increase of 
subretinal exudate. 

Moreover, consistent changes in the 
angiographic filling pattern were sug- 
gestive of the pretear stage. A central 
area of previously even hyperfluores- 
cence became remarkably hypofluores- 
cent and remained dark during the 
course of the angiogram. In contrast, 
the margin of the PED appeared hy- 
perfluorescent in the early stage, with 
progressive accumulation of dye on 
late frames. This unexpected central 
hypofluorescence surrounded by in- 
tense hyperfluorescence at the borders 
was easily recognizable just before the 
tear occurred. 

This pronounced angiographic fea- 
ture can be explained in a few ways. 
First, the subepithelial fluid may be 
modified either by hemorrhage or he- 
matic debris or by lipid or lipoprotein 
to which the water-soluble fluorescein 
will not bind. It is unlikely that the 
composition of PED fluid changes rap- 
idly, and, in some cases, this hypo- 
fluorescent area appears without clini- 
cally detectable hemorrhage. The ac- 
cumulation of lipid exudate could in- 
crease the resistance to water flow at 
the level of the already hydrophobic 
inner surface of Bruch’s membrane” 
and thus further limit the entry of 
fluorescein into the lesion. 

Second, the modified angiographic 
filling of the PED could be explained 
by the metabolic failure of the de- 
tached retinal pigment epithelial cells. 
The chronicity of the PED combined 
with the increased hydrostatic pres- 
sure from the subretinal pigment epi- 
thelial fluid may cause a metabolic 
disturbance of the retinal pigment epi- 
thelium, with alteration of the intercel- 
lular tight junctions. The prolonged 
detachment could induce a type of isch- 
emia of the retinal pigment epithelial 
cells, which could block the underlying 
fluorescence of the subepithelial space. 

The early peripheral and intense hy- 
perfluorescence also could be related 
to the accumulation and pooling of the 
dye along the margin of the PED 
where the subretinal pigment epitheli- 
al fluid could remain serous. The tan- 
gential shearing forces that exist in the 
PED are maximal at its margins” and 
lead to the rupture of the intercellular 
junctions on the border of the detach- 
ment, similar to the crenated edges of 
a stamp, and further progress to a 
tear. 

In our series, the tearing process 
rarely involved the foveal area (three 
of 30 cases). Even in the cases in which 
the rolled-up retinal pigment epitheli- 


um did not denude this area, the visual 
acuity dropped rapidly after the tear to 
20/200 or worse in 95% of the eyes. 
This feature was in contrast with the 
long conservation of visual acuity in a 
common PED. It might suggest a func- 
tional involvement of the whole de- 
tached retinal pigment epithelium. 

Tears of the retinal pigment epitheli- 
um are recognized as a major cause of 
severe visual loss of central vision 
in age-related macular degeneration.” 
Their occurrence modifies the fundus 
appearance dramatically. The identifi- 
cation of new angiographic features 
that appear just before the tear helps 
to avoid incorrect use of laser photoco- 
agulation in PED. This information 
may also support new pathogenic con- 
siderations leading to a better under- 
standing of the disease. 
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Retinal Pigment Epithelial Tears Through the 
Fovea With Preservation of Good Visual Acuity 


Neil M. Bressler, MD; Daniel Finklestein, MD; Janet S. Sunness, MD; Albert M. Maguire, MD; David Yarian, MD 


èe We describe two patients with spon- 
taneous retinal pigment epithelial tears 
through the fovea who have maintained 
at least 20/40 visual acuity for 1 year and 
3 years following the rip. Both patients 
had long-standing serous detachments 
of the retinal pigment epithelium associ- 
ated with age-related macular degenera- 
tion prior to the development of the tear. 
Each tear was at least five disc areas in 
size and centered on the fovea. Foveal 
fixation was documented despite the pre- 
sumed absence of pigment epithelium. 
This observation suggests either that 
there may be remaining or redundant 
pigment epithelium or that pigment epi- 
thelium directly beneath the central mac- 
ula is not required for maintenance of 
20/40 visual acuity. 

(Arch Ophthalmol. 
1697) 


1990;108:1694- 


Retinal pigment epithelial (RPE) 

tears’ are fortuitous events of na- 
ture that allow us to observe the effect 
of removal of the RPE on vision. We 
describe two cases of age-related mac- 
ular degeneration in which long-stand- 
ing serous detachments of the RPE 


See also pp 1672, 1687, and 1770. 





progressed acutely to large tears of the 
RPE centered on the fovea. In each 
case, the patient maintained good cen- 
tral visual acuity despite the apparent 
absence, clinically and angiographical- 
ly, of a large portion of the RPE in the 
macula. 


REPORT OF CASES 


CASE 1.—A 61-year-old man presented 
14 years prior to the development of his 
RPE tear with decreased visual acuity in 
his left eye. His visual acuity was 20/20 OD 
and 20/40 OS. Ophthalmoscopie examina- 
tion showed soft drusen in the right eye and 
a serous detachment of the RPE involving 
the fovea of the left eye. Fluorescein angi- 
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ography confirmed a serous detachment of 
the RPE in the left eye and no evidence of 
choroidal neovascularization or RPE de- 
tachment in the right eye. One year later, 
his visual acuity decreased to 20/200 in the 
left eye, which had developed subretinal 
hemorrhage and disciform scarring. 

Three years prior to the development of 
the tear, the patient’s visual acuity de- 
creased to 20/40 OD. Fluorescein angiogra- 
phy at that time showed a serous detach- 
ment of the RPE in the right eye (Fig 1, top 
left). This detachment persisted and was 
documented on fundus photographs during 
the next 3 years. At a visit 2 months before 
developing the tear, the RPE detachment 
of the right eye was unchanged, and the 
visual acuity remained 20/40. Two months 
later, he noted a sudden “reddish discolor- 
ation” in the central field of his right eye. 
He came to the emergency department of 
the Wilmer Ophthalmological Institute 2 
hours after noticing this sudden visual 
change. His visual acuity was 20/40 OD and 
20/125 OS. Ophthalmoscopic examination of 
the right eye demonstrated an area of or- 
ange discoloration in the central macula 
with “heaped up” RPE on the nasal aspect 
of the orange area (Fig 1, top right). Oph- 
thalmoscopic examination of the left eye 
showed a disciform scar. 

Fluorescein angiography performed with- 
in 4 hours after the tear demonstrated 
pathognomonic features of an RPE tear 
with early, bright, sharply demarcated hy- 
perfluorescence in the early frame (Fig 1, 
middle left). Intense staining of this area, 
without leakage (Fig 1, middle right), cor- 
responding to the orange discoloration on 
biomicroscopy, was seen in the late frames. 
The lesion covered approximately 12 disc 
areas and was centered on the fovea. 
Blocked fluorescence corresponding to 
heaped-up RPE was noted on the nasal 
border of the tear (Fig 1, middle left, 
arrow). A residual area of the original RPE 
detachment that did not tear was noted at 
the superotemporal border of the tear (Fig 
1, middle right, arrow). No sensory retinal 
detachment over the RPE tear was detect- 
ed by biomicroscopy or angiography. 

Two days following the tear, a Humphrey 
central 10-2 threshold test showed a loss of 
sensitivity ranging from 10 to 20 dB 
throughout the central region, with no ab- 
solute scotoma. On Amsler grid testing, he 
had no difficulty seeing the fixation spot, 
but noted that the central horizontal lines 
were wavy. 

The patient expressed great difficulty 
seeing in a dark environment. Two weeks 
after the tear, the patient was tested after 1 
hour of dark adaptation. On scotopic static 
perimetry testing using the Tubingen pe- 
rimeter (1.8° target), the patient had 1.5 to 
2.5 log units (15 to 25 dB) of loss throughout 
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the central area. A second test 4 weeks 
after the tear showed no improvement in 
sensitivity after 13 hours of dark adapta- 
tion. When tested on a high-contrast tan- 
gent screen (a black, 2° target on a white 
background) 4 weeks after the tear, no 
scotoma could be found. In addition, the 
patient appeared to have difficulty recover- 
ing from exposure to bright lights. A pho- 
tostress test, performed to assess this (us- 
ing the methods described previously by 
Glaser et al”), showed a normal photostress 
recovery time of 40 seconds in the left eye, 
but a markedly prolonged time of 4 minutes 
in the right eye. 

Visual acuity remained 20/40 at follow-up 
1 week, 2 weeks, 1 month, 2 months, 3 
months, 6 months, and 12 months following 
the tear. During the first 3 months of 
follow-up, the inner aspect of the retina 
appeared cystic over the area of the tear; 
however, this cystic change was much more 
difficult to detect beginning 4 months after 
development of the tear. 

In comparing the fundus appearance of 
the tear at its initial presentation (Fig 1, 
top right) with its appearance 1 year later 
(Fig 1, bottom left), the RPE or other 
pigmented tissue had extended from the 
edges of the original tear so that the tear 
appeared smaller by biomicroscopy at fol- 
low-up. Relative blocked fluorescence by 
the “new pigmentation” was noted on angi- 
ography (compare Fig 1, bottom right, with 
Fig 1, middle left). Foveal fixation 1 year 
later was confirmed using the aiming beam 
of an argon green laser with a 50-um spot 
size (using the methods described previous- 
ly by Kelley"). Using the aiming beam, 
there was an absolute scotoma noted only in 
the area of heaped-up RPE. 

CASE 2.—A 61-year-old woman present- 
ed with a visual acuity of 20/20 OD and 
20/50 OS with drusen in the right eye and a 
serous detachment of the RPE involving 
the fovea of the left eye (Fig 2, top left) 
prior to the development of an RPE tear in 
the left eye. One year later, she noticed 
sudden blurring of central vision in the left 
eye and her visual acuity decreased to 
20/80. Funduscopic evaluation and angiog- 
raphy at that time revealed a large tear of 
the RPE (covering approximately 5 disc 
areas) centered on the fovea (Fig 2, top 
right, middle left, and middle right). At 
visits 3 and 5 months after development of 
the tear, visual acuity improved to 20/30 
and 20/25, respectively. 

At the most recent follow-up 2 years 
after the tear, the patient's visual acuity 
was 20/32 OS. Pigmented cells had migrat- 
ed along the peripheral aspect of the tear, 
accompanied by relative blocked fluores- 
cence visible through fluorescein angiogra- 
phy (compare Fig 2, bottom left and bottom 
right, with Fig 2, top right and middle left). 
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Fig 1.—A fluorescein angiogram from 1986 (top left) demonstrates well-demarcated hyperfluorescence pooling beneath 
the retinal pigment epithelium of the right eye. A fundus photograph from 3 years later (top right) demonstrates central 
orange discoloration corresponding to a retinal pigment epithelial tear 2 hours after the patient noted a sudden change in 
visual acuity. An early transit frame (middle left) from fluorescein angiogram in 1989 demonstrates extremely sharp, well- 
demarcated hyperfluorescence with continued intense staining in late transit frames (middle right) and no leakage. The 
arrow (middle left) points to blocked fluorescence, presumably due to a redundant, folded, torn pigment epithelium. The 
arrow (middle right) identifies the residual area of the original detachment of the retinal pigment epithelium that was not 
involved in the tear. A color fundus photograph taken 1 year after the tear occurred (bottom left) demonstrates proliferation 
or growth of pigmented tissue along the edges of the tear (arrow). A concurrent fluorescein angiogram (bottom right) 
demonstrates relative blocked fluorescence by new pigmentation (arrow) and less intense staining with loss of sharply 
demarcated borders of the residual area of tear. 
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Fig 2.—Serous detachment of the retinal pigment epithelium (RPE) confirmed on fluorescein angiography (top left) in 1986. 


A large tear of the RPE can be seen on color fundus photographs taken 1 year later (top right) and is confirmed by 
fluorescein angiography showing a sharply demarcated area of hyperfluorescent stain (middle left) and no leakage in the 
late transit frames (middle right). Funduscopic examination 3 years after the tear developed demonstrates pigmentation 
that migrated across the peripheral parts of the tear (bottom left). Some intraretinal fluid, lipids, and hemorrhaging due to a 
retinochoroidal anastomosis developing within the substance of the folded, torn RPE can also be seen (bottom left, arrow). 
A fluorescein angiogram (bottom right) confirms relative blocked fluorescence (compared with an acute appearance) along 
the peripheral part of the original tear corresponding to the area of new pigmentation seen by biomicroscopy. The mound of 
torn, folded pigment epithelium remains densely hypofluorescent. 


A retinal-choroidal anastomosis (Fig 2, bot- 
tom left, arrow) had developed in the area 
of heaped-up, folded RPE on the temporal 
aspect of the tear (seen best on high magni- 
fication of early frames of the angiogram at 
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a lightbox). The area of anastomosis demon- 
strated hyperfluorescent leakage (Fig 2, 
bottom right) accompanied by intraretinal 
fluid, lipid, and hemorrhage. Foveal fixa- 
tion was confirmed using a scanning laser 
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ophthalmoscope (using methods described 
previously’). Ophthalmoscopic testing 
showed functional retinal tissue throughout 
the area of the rip and an absolute scotoma 
in the area of heaped-up RPE. A Hum- 
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phrey central 10-2 threshold test showed a 
decrease in sensitivity in the superonasal 
quadrant of the left eye of about 6 dB 
relative to the right eye. During the follow- 
up period, a serous detachment of the RPE 
developed in the right eye. 


COMMENT 


In the past decade, since tears of the 
RPE were first suggested and report- 
ed by Hoskin et al,’ many cases have 
been reported.~” These reports have 
established a very characteristic and 
pathognomonic clinical and angio- 
graphic appearance identical to the 
two cases we report. Previous reports 
have stated that central vision may be 
good immediately following an RPE 
tear, but only in eyes in which the 
RPE remained intact beneath the fo- 
vea.”” To our knowledge, there are no 
previously published case reports of 
tears through the fovea in eyes that 
have maintained good visual acuity. 
The two cases in this article demon- 
strate that large RPE tears (at least 5 
disc areas) involving the fovea are not 
always accompanied by severe visual 
loss, either immediately or after sever- 
al years. These two patients are fortu- 
nate that concomitant choroidal neo- 
vascularization did not develop before 
or after the tear and did not destroy 
foveal function. The photoreceptors 
within the macula were presumed to 
be intact, as demonstrated by each 
patient’s good central visual acuity and 
continued foveal fixation. 

These cases demonstrate that if the 
entire macular RPE can be removed, 
with preservation of visual function, 
macular RPE may not be essential for 
maintenance of central vision. These 
cases also demonstrate that large, pe- 
ripheral regions of a tear may become 
covered by tissue resembling RPE bio- 
microscopically and angiographically. 
Chuang and Bird’ note that the inner 
surface of Bruch’s membrane appar- 
ently was re-covered by RPE in four of 
29 eyes with RPE tears, although the 
extent of re-coverage was not mea- 
sured. 

Although we saw one patient fre- 
quently (2 hours, 2 days, 1 week, 2 
weeks, 4 weeks, and 2 months after 
the rip), we saw no evidence of a 
sensory retinal detachment overlying 
the RPE tear at any time. A cystic 
appearance at the inner aspect of the 
retina was noted using transillumina- 
tion with a thin slit beam during biomi- 
croscopy, but the sensory retina did 
not appear detached. Although one 
might suspect that the RPE plays an 
important role in the maintenance of 
retinal apposition to the outer layer of 
the eye," experience with local resec- 
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tion of choroidal melanoma has shown 
that surgical removal of extensive ar- 
eas of choroid and RPE does not com- 
monly lead to retinal detachment.” 
These results suggest that the absence 
of a sensory retinal detachment over 
the RPE tear may be due to other 
mechanisms that lead to subretinal 
space dehydration when the blood-reti- 
nal barrier provided by the RPE is not 
physically intact. For example, the 
higher osmotic pressure of the choroid 
compared with the subretinal space 
may allow fluid to be removed from the 
subretinal space at a rapid rate when 
the tight junctions of the RPE are 
absent and unable to prevent free 
movement of fluid.” 

Several basic science investigations 
might support the concept that the 
foveal photoreceptors could continue 
to function following the rip. First, 
Cone and Brown" demonstrate that 
spontaneous regeneration of rhodopsin 
can occur in the isolated rat retina if it 
is sealed in a very small chamber. 
Second, photoreceptors in the pineal 
organ have been shown to respond to 
light without the presence of an appo- 
sitional RPE.” Third, reports have 
shown that the photoreceptor-RPE re- 
lationship does not necessarily lead to 
photoreceptor-cell death in experimen- 
tal traumatic retinopathy.” On a theo- 
retical basis, it is also possible that 
even without the RPE, interphotore- 
ceptor retinol-binding protein may re- 
main or continue to be secreted, serv- 
ing to store vitamin A or transport 
vitamin A to more distant sites of 
isomerization. ”” 

Alternatively, in our two cases, 
foveal photoreceptors may be apposed 
to RPE that was not visible bio- 
microscopically or angiographically. 
Perhaps during the long-standing RPE 
detachment prior to the tear in each of 
our cases, reduplication of a layer de- 
rived from the RPE or other tissue 
subserving its function developed 
along the base of the RPE detachment. 
Proliferation of the RPE has been de- 
scribed in situations such as experi- 
mentally induced sensory retinal de- 
tachments.~ Furthermore, it is 
possible that RPE cells with little or 
no pigment proliferated along the base 
of the tear, such that functional hypo- 
pigmented RPE was present, but not 
visible by biomicroscopy or angiogra- 
phy. It also is possible that some RPE 
cells remained adherent to photorecep- 
tor outer segments after the rip but 
were too small to be evident on the 
outer retinal surface using biomicros- 
copy or angiography. 

The cases in this report suggest, but 
do not prove without a doubt, that a 


moderate area of apparently absent 
RPE centered on the fovea may be 
accompanied, for at least a few years, 
by good retinal function. These cases 
present an interesting event in nature, 
support past studies, and may stimu- 
late further investigations into the role 
of the RPE in health and disease. 
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Threshold Perimetry in Tilted Disc Syndrome 


Periklis D. Brazitikos, MD; Avinoam B. Safran, MD; Filippo Simona, MD; Mario Zulauf, MD 


èe Twelve consecutive patients (17 
eyes) with tilted disc syndrome under- 
went quantified visual field examination 
with the G1 Octopus program (Interzeag 
AG, Schlieren, Switzerland). Visual fields 
were abnormal in all cases. Although 
field loss was more pronounced in the 
superotemporal quadrant (P<.001), it 
also involved the other three quadrants, 
thus demonstrating that optic nerve hy- 
poplasia in tilted disc syndrome is appar- 
ently not entirely sectorial. Linear regres- 
sion analysis showed that an increase in 
mean defect correlated with increase in 
myopic refractive error (P<.05). Howev- 
er, the increase in myopic refractive error 
was found to be related to a decrease in 
corrected loss variance (P<.05), indicat- 
ing that in tilted discs with higher myo- 
pia, field loss is more homogeneous. 
With this series of patients, short-term 
fluctuation was within normal ranges in 
all visual fields, showing that this may be 
an additional clue for differential diagno- 
sis from acquired disorders. 

(Arch Ophthalmol. 1990;108:1698- 
1700) 


[Tilted disc syndrome is a congenital 

abnormality of the optic nerve head 
(Fig 1). It is associated with segmental 
hypoplasia of the retina and choroid, 
and ectasia of the fundus, most often in 
the inferonasal fundus sector.'’ Myopic 
astigmatism, simple or compound, and 
visual field defects are commonly 
found with this syndrome and may 
partially be due to the posterior seg- 
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ment abnormalities.~’ Although a num- 
ber of previous studies have been de- 
voted to the assessment of the visual 
field defects in tilted dise syndrome,” 
to our knowledge, no quantitative 
analysis of this clinical setting has been 
performed. We therefore quantitative- 
ly determined depth, distribution, and 
fluctuation of visual field alterations in 
this syndrome by means of the Octopus 
G1 global analysis program (Interzeag 
AG, Schlieren, Switzerland).'’" In ad- 
dition, since both refractive error and 
visual field defects may partially be 
due to the fundus abnormalities,” we 
attempted to determine whether there 
is a correlation between the refractive 
error and alterations of the visual field. 


PATIENTS AND METHODS 


Our study included 12 consecutive pa- 
tients (17 eyes) with tilted dise syndrome. 
Ages ranged from 19 to 67 years (mean, 44 
years). There were seven men and five 
women. The spherical equivalent of the 
refractive error in these patients was be- 
tween +0.25 and —9.25 diopters. Myopic 
astigmatism was found in 15 eyes and var- 
ied from —0.5 to —2.5 diopters. Corrected 
visual acuity ranged between 20/40 and 
20/15. None of the patients had an intraocu- 
lar pressure higher than 21 mm Hg, nor did 
they present corneal or lens opacities, or 
any retinal or optic nerve disease. All three 
phases of the G1 program were performed 
using an Octopus 2000R perimeter. When 
performing the ‘first two phases of the ex- 
amination, best correction for vision at 40 
cm was used. 

The G1 program measures 59 points with- 
in the central 26 degrees. Differential light 
threshold measurements at the 59 central 
test locations are carried out during the 
first two phases by the staircase bracketing 
procedure. After the first two phases of the 
examination, the visual field indexes, mean 
sensitivity, mean defect (MD), loss vari- 
ance, corrected loss variance (CLV), short- 
term fluctuation (SF), and reliability factor 
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are determined. ™” The MD of each visual 
field quadrant was calculated according to 
the following formula: 


1m 
MD = — È (zi—-xi) 
mi=1 
in which zi is the age-corrected differential 
light threshold at test location 7, and xi is 
the measured differential light threshold." 
The number of test locations (m) was 15 for 
the nasal quadrants and 14 for the temporal 
ones. The central test location was excluded 
from these calculations. 

Students ¢ test and paired ¢ test were 
used to analyze differences in mean values 
of the obtained data when appropriate. To 
evaluate a possible correlation between re- 
fractive error and visual field indexes, the 
spherical equivalent was compared with 
MD and CLV values using linear regression 
analysis. 


RESULTS 


The Table presents the clinical find- 
ings and the results of the visual field 
examinations of all patients. The re- 
sults were reliable since only four 
false-positive and two false-negative 
answers were detected in the 17 visu- 
al-field examinations. The reliability 
factor was lower than 2.2 in all evalu- 
ated visual fields. 

All visual fields were abnormal. 
There were at least nine test locations 
within the 26 central degrees showing 
a defect equal to or greater than 5 dB 
compared with the age-corrected dif- 
ferential light threshold (Fig 2). Mean 
difference varied from 1.6 to 6.8 dB 
(mean+SEM, 4+0.3 dB). In all but 
one case (patient 4), MD values were 
greater than +2 dB (normal values 
provided by Interzeag AG range from 
—2 to +2 dB). Average values of MD 
from each visual quadrant are shown in 
Fig 3. In the superotemporal quadrant 
of the visual field, MD values were 
greater than +2 dB in all cases and 
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were significantly higher than those of 
each other quadrant (P<.001). In each 
superotemporal quadrant, measured 
differential light thresholds showed a 
defect equal to or superior than 5 dB in 
at least four test locations. No signifi- 
cant difference (P>.2) was found be- 
tween MD values of the superonasal 
and inferotemporal quadrants. The 
mean difference was greater than +2 
dB in 14 eyes in the inferotemporal 
quadrant and in 15 eyes in the super- 
onasal quadrant. The inferonasal quad- 
rant MD was significantly lower than 
the MD in all the other quadrants 
(P<.001). It was greater than +2 dB 
in 11 eyes. No absolute defect was 
observed within the 26 central degrees 
of each evaluated visual field (Fig 2). 
Corrected loss variance values varied 


from 2 to 16.5 dB’ (mean+SEM, 
6.5+0.9). Corrected loss variance was 
physiological in 10 cases (normal val- 
ues provided by Interzeag AG range 
from 0 to 6 dB’). 

Figure 4 shows the linear regression 
analysis between spherical equivalent 
and MD values. The results indicate 
that an increase in myopic refractive 
error significantly correlates with an 
increase in MD value at P<.05. Figure 
5 illustrates a scatter-plot of the CLV 
values vs refractive error. Linear re- 
gression analysis shows that an in- 
crease in myopic refractive error cor- 
relates with a decrease in CLV values 
at P<.05. Short-term fluctuation was 
lower than 2 dB in all examinations 
(normal values provided by Interzeag 
AG range from 0 to 2 dB). 





Fig 1.—Patient 8. Optic disc and retinal apqi 
pearance. The optic disc is tilted toward the 
inferonasal retina; there is a situs inversus of 
the retinal vessels’ emergence, an inferona- 
sal conus, and a paucity of pigmentation es- 
sentially in the inferonasal retina. 


Clinical Variables and Results of Visual Field Examination With Octopus G1 Program* 


Patient No./ 


Age, y Eye Refraction 


—6.6 —2.25 X 10° 
—5.5 —2.5 X 25° 


—9 -—0:6 X 10° 


—2' =2 %. 160° 
-1.-2.2:20" 


VA MD SF RF 
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ae 
1 


MDST MDSN MDIT MDIN 








5/57 L =4.5 = 1.5 X 60° 
R +0.25 —0.25 X 0° 
L +0.5 —0.5 X 10° 


1.5 0 9.6 3 4.4 0.6 
Ii = 3.9 5.1 1.0 (0) 3.6 3.9 3.7 4.3 
2.8 7.5 2.1 5.6 3.2 2.9 


20/35 4. 
20/25 3.8 2.2 


8 4.4 15 2, 2.7 2.1 
4 7.8 1.4 8) 3 5.4 
3 1.8 


1.3 
5.5 : 
7.3 2.3 
8.5 2.2 


20/35 4.3 


10/26 L -25 —0:.5 X909 20/40 


=55 —0.75 X 105° 
=6 =1 Xx 70° 20/30 3.4 
—4,25 —1 X 165° 20/35 2.7 

*VA indicates visual acuity; MD, global mean defect in dB: CLV, corrected loss variance in dB*; SF, short-term fluctuation in dB; RF, reliability factor: MDST, MD of 


the superotemporal quadrant of visual field; MDSN, MD of the superonasal quadrant; MDIT, MD of the inferotemporal quadrant; and MDIN, MD of the inferonasal quad- 
rant. 


20/30 3.5 2.8 


Fig 2.—Comparison-symbol modes of printout of Octopus G1 visual fields. Left, Right eye of patient 1; center, right eye of 
patient 3; and right, left eye of patient 4. Note the distribution of the field loss, which is greater within the superotemporal 
quadrant and less pronounced within the inferonasal quadrant of the visual field. The field defect passes over the vertical 
meridian in the upper half of the visual field, resulting in an oblique inclination of its limits. The numbers on the axes indicate 
degrees of visual field. 
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N veh / T 
Fig 3.—Mean (+ SEM) defect of each evalu- 
ated visual field quadrant shown on a visual 


field diagram of a right eye. T indicates tem- 
poral, and N, nasal. 


COMMENT 


The visual field defect in tilted disc 
syndrome exhibits a predominantly 
temporal depression.” Differential di- 
agnosis must be made with respect to 
chiasmal disorders, especially in bilat- 
eral cases.’ Characteristically, the 
temporal defect is not truly hemianopic 
Since it tends to cross the vertical 
meridian and thus involves the superi- 
or nasal quadrant.” 

Visual field in tilted disc syndrome 
was evaluated by means of the Octopus 
Gl program because it provides a 
quantification of visual field loss. In 
addition, by the calculation of the vari- 
ous field indexes, it analyzes field de- 
fects with regard to their depth, size, 
nonuniformity, and fluctuation over 
time.” Although field defects in tilted 
disc syndrome were found, by manual 
kinetic perimetry, to occasionally alter 
the peripheral field, they commonly 


involved, and were more evident with- - 


in, the 30 central degrees.*”* There- 
fore, we believed that the Octopus G1 
program, which quantitatively evalu- 
ates the 26 central degrees of the 
visual field, was appropriate for this 
study. 

It has been suggested that field de- 
fects in tilted disc syndrome are proba- 
bly due to a decrease in the number of 
axons that enter the defective side of 


1. Manor RS. Temporal field defects due to nasal 
tilting of discs. Ophthalmologica. 1974;168:269- 
281. 

2. Young SE, Walsh FB, Knox DL. The tilted 
disc syndrome. Am J Ophthalmol. 1976;82:16-23. 

3. Riise D. Visual field defects in optic disc mal- 
formation with ectasia of the fundus. Acta Ophthal- 
mol. 1966;44:906-918. 

4. Riise D. The nasal fundus ectasia. Acta 
Ophthalmol. 1975;126(suppl):1-108. 

5. Dimitrakos SA, Safran AB. La dysversion 
papillaire: diagnostic différentiel du syndrome 
chiasmatique. Ophthalmologica. 1982;184:30-39. 
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Fig 4.—Scatter-plot of the refractive error in 
diopters (D) vs mean defect (MD) values. 
Solid line shows linear regression as deter- 
mined for cases studied (r= — .49). 


the optic nerve head.” However, al- 
though MD was found to be more 
pronounced in the upper temporal 
quadrant of the visual field, in most of 
our cases MD was also abnormal (supe- 
rior to 2 dB) in the other three quad- 
rants. This suggests that tilted discs 
carry fewer axons not only from the 
hypopigmented inferonasal retina but 
from all the retinal sectors. Conse- 
quently, a tilted disc should be consid- 
ered as a diffusely hypeplastic optic 
nerve, the inferonasal seetor of which 
is more affected. 

It has been proposed that both re- 
fractive myopic error and visual field 
defects in tilted discs may be partially 
related to the fundus abnormalities.” 
Ectatic areas have been observed in 
72% to 90% of cases, whereas 85% to 
90% of affected eyes reportedly show 
myopia of 1 or more diopters.** How- 
ever, until now no attempt has been 
made to correlate the magnitude of 
myopic refractive error with that of 
visual field defect in tilted dise syn- 
drome. Linear regression analysis of 
our data showed that an increase in 
myopic refractive error correlated 
with an increase in MD values. Howev- 
er, an increase in myopic refractive 
error correlated with a reduction in 
CLV values, indicating that with this 
syndrome field loss is more homoge- 
neous in eyes with higher myopia. This 
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Fig 5.—Scatter diagram of the refractive er- 
ror in diopters (D) vs corrected loss variance 
(CLV) values. The drawn line corresponds to 
the regression line (r= .52). 


finding demonstrates that either the 
hypoplastic defect of the optic nerve is 
wider in tilted dises with higher myo- 
pia or there is a superimposition of the 
partially localized defect due to the 
tilted disc on the defect due to the 
diffuse retinal alteration occurring 
with myopia. 

In our series, SF was within normal 
values in all visual fields. The SF index 
is probably the most accurate means of 
measuring short-term transient 
changes in visual function.” It may be 
increased in patients with glaucoma” 
as well as in other acquired lesions of 
the anterior visual pathways.” In con- 
trast, both in this and in a previous 
study,” it has been shown that SF is 
generally not increased in dystrophic 
optic neuropathies. Since it has been 
suggested that the incidence of glauco- 
ma simplex may be higher in eyes with 
tilted dises,’" it is important in this 
clinical setting to distinguish the con- 
genital from the acquired component of 
the field defects, particularly as the 
glaucomatous cupping and pallor of the 
optic nerve head cannot be easily eval- 
uated with this ocular disorder. In- 
crease in SF might be a useful clinical 


clue for indicating the occurrence of } 


acquired damage to the optic nerve. 
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Removal of Radiation-Induced Cataracts 
in Patients Treated for Retinoblastoma 


H. Logan Brooks, Jr, MD; David Meyer, MD; Jerry A. Shields, MD; Andrea G. Balas, JD; 


Leonard B. Nelson, MD; James Fontanesi, MD 


è Experience with removal of radia- 
tion-induced cataract in patients treated 
for retinoblastoma is limited. We retro- 
spectively reviewed the records of 38 
patients with retinoblastoma (42 eyes) 
who underwent removal of radiation-in- 
duced cataract from 1973 to 1989. Nine- 
teen eyes (45%) without macular tumors 
or severe radiation complications had 
final visual acuities in the range of 20/20 
to 20/50. One eye (2.4%) developed a 
rhegmatogenous retinal detachment and 
four eyes (9.5%) were noted to have 
amblyopia after cataract removal. Three 
eyes (7%) developed retinoblastoma re- 
currence, one with extension of retinob- 
lastoma into the subconjunctival space 
through the previous sclerotomy. Exen- 
teration was performed and the patient 
was alive after 8 years. Cataract removal 
can be visually beneficial in selected 
patients with radiation-induced cata- 
racts. 

(Arch Ophthalmol. 
1708) 


1990;108:1701- 


D uring the past 50 years tremendous 

advances have been made in the 
diagnosis and treatment of retinoblas- 
toma (RB). While enucleation is still 
the most common method of treatment 
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worldwide, there has been a gradual 
trend away from enucleation, with in- 
creased emphasis on radiation thera- 
py.” To avoid primary enucleation, 
aggressive external-beam irradiation 
has been reported to possibly improve 
ocular survival without affecting the 
overall patient survival.” 

Radiation-induced cataract is becom- 
ing more common as more patients 
with advanced RB are being treated 
with radiation. Although no complica- 
tions have been reported, to our 
knowledge, after the removal of radia- 
tion-induced cataract in patients treat- 
ed for RB, the reported series are 
small and limited information is given 
about the surgical technique.**” With 
the currently available methods of cat- 
aract removal, there is a need for more 
information regarding management of 
the posterior capsule, risk of vitrec- 
tomy, incidence of complications, and 
final visual results in a large series of 
patients. 

We describe four techniques of re- 
moving radiation-induced cataract in 
patients with RB who have been treat- 
ed with external-beam radiotherapy 
(EBRT). Complications, such as reti- 
nal detachment and spread of RB into 
the orbit after cataract removal, are 
discussed. Recommendations are made 
regarding the surgical technique for 
cataract removal. 


PATIENTS AND METHODS 


A retrospective study was performed of 
children with RB who had developed a 
radiation-induced cataract in at least one 
eye and had undergone cataract removal at 
Wills Eye Hospital, Philadelphia, Pa, be- 
tween 1980 and 1988, or at the Vitreoretinal 
Foundation/St Jude Children’s Research 
Hospital, Memphis, Tenn, between 1973 
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and 1989. Eleven patients (14 eyes) were 
from Wills Eye Hospital and 27 patients (28 
eyes) were from the Vitreoretinal Founda- 
tion/St Jude Children’s Research Hospital. 

After an initial diagnosis of RB was 
made, an examination under anesthesia was 
used to confirm the diagnosis, to assess the 
extent of disease accurately, and to initiate 
treatment. Fundus drawings were made 
and the eyes were categorized according to 
the Reese-Ellsworth classification. The 
only exception was that eyes with vitreous 
seeding were classified according to the 
size, number, and location of the primary 
tumors, and not automatically staged as 
VB. Of the 42 eyes undergoing cataract 
removal, four were stage IIA, two were 
stage IIB, 22 were stage IIIA, four were 
stage IIIB, one was stage IVA, five were 
stage IVB, and four were stage V. Eigh- 
teen (43%) of the 42 eyes had evidence of 
vitreous seeding, and 33 (79%) of the 42 
eyes had RB anterior to the equator. 

Complete systemic evaluations were per- 
formed at Children’s Hospital of Philadel- 
phia or St Jude Children’s Research Hospi- 
tal. Twenty-three (61%) of the 38 patients 
received chemotherapy prior to the cataract 
extraction based on protocols at these re- 
spective institutions. The most common 
reason for chemotherapy was choroidal an- 
d/or optic nerve invasion in the enucleated 
fellow eye. 

All 42 eyes received at least one course of 
EBRT, with three patients (5, 25, and 32) 
undergoing repeated EBRT. Twenty-six 
(68%) of the 38 patients had primary enucle- 
ation of one eye and EBRT of the other eye. 
Seven (18%) of the 38 patients had bilateral 
EBRT with retention of both eyes. Three 
(8%) of the 38 patients had unilateral 
EBRT. Two (5%) of the 38 patients had 
bilateral EBRT with enucleation of one eye 
within 8 months. 

Doses of EBRT ranged from 28 to 52 Gy 
in daily 1.0- to 3-Gy fractions duri 
6-week period using 4- to 6- 
x-ray or cobalt energy. The*lens 
spared with the intention Of treating the 
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Case RE 
No./Eye Classification 


Radiation/ Surgery 
Prior to Cataract 


Follow-up After 
Cataract 
Extraction, mo 


Postoperative 
Visual Acuity 


EBRT (MV A/L) 


Enucleation 
Enucleation 


EBRT (Co A) 


Enucleation 


EBRT (Co A) 


EBRT (Co A) 


20/400 


EBRT (Co A) 


Enucleation 
Enucleation 


EBRT (Co A) 


Enucleation 


EBRT (Co A) 


Enucleation 


EBRT (Co A) 


IIIA (VS) 


Enucleation 
EBRT (Co A) 


IIIB (VS) 


Enucleation 


entire retina and vitreous cavity. Eighteen 
(43%) of the 42 eyes had 4- to 6-MV x-ray 
energy given with an anterior and lateral 
wedged-pair technique; seven (17%) of 42 
eyes had anterior field only; and one (2.4%) 
of 42 eyes had lateral field only. The re- 
maining 16 (38%) of 42 eyes had cobalt 
energy directed anteriorly. 

Supplemental local treatment consisted 
of xenon photocoagulation in seven pa- 
tients, cryotherapy to peripheral lesions in 
21 patients, and episcleral radioactive 
plaques prior to or after cataract removal in 
three patients. The type of plaque, method 
of insertion, and indications have been de- 
scribed.’ 

Following radiotherapy, the patients 
were evaluated at l- to 3-month intervals 
including examinations under anesthesia. 
The treated RB was monitored and a record 
was kept of radiation complications, such as 
keratopathy, cataract, retinopathy, and op- 
tic neuropathy. Visual acuity was assessed 
both before and after cataract removal by 
fixation pattern, pictures, “E” game, finger 
counting, or Snellen chart, depending on 
the age of the patient. Indications for cata- 


.ract removal were visual acuity of 20/100 or 


worse in eyes with a normal macula, and in 
patients with macular tumors a subjective 
decrease in visual function and/or inability 
to view the posterior pole because of catar- 
actous change. Before cataract surgery was 


EBRT (MV L) 


20/200 


* RE indicates Reese-Ellsworth; VS, vitreous seeding; EBRT, external-beam radiotherapy; MV A/L, megavoltage x-ray energy through anterior /lateral ports; Co A, co- 
balt energy through anterior port; MV L, megavoltage x-ray energy through lateral port; and CF, counting fingers. 


considered, the intraocular tumor was 
judged to be inactive for an 18- to 24-month 
period by an experienced ocular oncologist. 

Four techniques were used for removal of 
radiation-induced cataract. Earlier patients 
had discission and aspiration as previously 
described, with or without primary capsu- 
lotomy. A second technique was developed 
with the advent of automated vitreous suc- 
tion-cutting instruments. A corneal limbal 
approach was used with removal of the 
posterior capsule and anterior vitreous." 
The third and fourth techniques both in- 
volved automated instruments posterior to 
the iris plane.” They were divided into two 
groups according to the distance posterior 
to the limbus that the instruments were 
placed: pars plana (3 mm from the limbus) 
and pars plicata (1 mm from the limbus).” 

Within 2 weeks after cataract removal, 
aphakic spectacles or contact lenses were 
prescribed. Close follow-up was maintained 
for any evidence of complications, such as 
amblyopia, wound leak, infection, uveitis, 
glaucoma, retinal detachment, or recurrent 
RB. 


RESULTS 


The pertinent clinical information on 
42 eyes in 38 patients who underwent 
cataract removal subsequent to the 
development of radiation-induced cata- 
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Comment 


Right eye: posterior capsule opacification; 
capsulectomy 10 mo later 


Left eye: posterior capsule opacification; 
capsulectomy 14 mo later; 
mild radiation keratopathy 


Left eye: primary capsulotomy; mild radiation 
keratopathy 


Primary capsulotomy; amblyopia; unilateral 


retinoblastoma 


Right eye: repeated EBRT; posterior capsule 
opacification; capsulotomy 3 mo later 


Primary capsulotomy in the left eye 


Left eye: posterior capsule opacification; 
capsulotomy 2 mo later 


Left eye: posterior capsule opacification; 
severe radiation keratopathy 


Right eye: posterior capsule opacification 
capsulotomy 11 mo later; 
severe radiation keratopathy 


Right eye: primary capsulotomy; mild 
radiation keratopathy 





ract is summarized in Tables 1 through 
4. Twenty patients were male and 18 
were female. Bilateral RB was present 
in 36 (95%) of the 38 patients and 
unilateral disease was present in two 
(5%) of the 38 patients. A positive 
family history was present in 11 (29%) 
of the 38 patients. The age at diagnosis 
of bilateral RB ranged from 5 days to 
24 months (mean age, 9.75 months). 
The two patients with unilateral RB 
were 5 months and 5 years of age. 

The ages of the patients at the time 
of cataract removal ranged from 1.5 to 
13 years, with a mean age of 4.7 years. 
The interval from EBRT to documen- 
tation of a radiation-induced cataract 
ranged from 9 to 48 months (median, 
20 months), and the interval between 
EBRT and cataract removal ranged 
from 17 to 144 months (median, 29 
months). Follow-up after cataract re- 
moval ranged from 6 to 178 months 
(median, 72 months). 

Final visual acuity after cataract re- 
moval depended on five factors: (1) 
presence or absence of macular tu- 
mors; (2) additional severe radiation 
complications, such as keratopathy and 
retinopathy; (3) severe amblyopia; (4) 
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Table 2.—Corneal Limbal Incision With Anterior Vitrectomy * 


Follow-up After 
Cataract 
Case RE Radiation/ Surgery Postoperative Extraction, 
No./Eye Classification Prior to Cataract Visual Acuity mo Comment 


Enucleation Large superior iridectomy in the left eye 
EBRT (Co A) 


IIIB (VS) EBRT (Co A) 20/400 Macular tumor in the right eye; 
mild radiation keratopathy and 
retinopathy 


Enucleation 


EBRT (Co A) Macular tumor in the right eye; 
no radiation in the left eye 


Cryotherapy 


Enucleation ae tes Left eye: cryotherapy prior to cataract 
extraction; severe radiation keratopathy 


EBRT (Co A) 20/400 


IIA (VS) EBRT (MV A) Wound leak in the right eye necessitating 
repair 2 d after cataract extraction 


Enucleation se ayi 
IIA (VS) EBRT (Co A) 20/20 Stable right eye 
V Enucleation 
V (VS) Enucleation TA Aai Macular tumor in the left eye 
IIA EBRT (Co A) 20/200 


Enucleation wie oe Laser photocoagulation and cryotherapy 
in the left eye prior to cataract extraction 


IIIA (VS) EBRT (MV A/L) 


* RE indicates Reese-Ellsworth; VS, vitreous seeding; EBRT, external-beam radiotherapy; Co A, cobalt energy through anterior port; MV A, megavoltage x-ray energy 
through anterior port; MV A/L, megavoltage x-ray energy through anterior /lateral ports; and CF, counting fingers. 


Table 3.—Pars Plana (3 mm From Limbus) Lensectomy and Anterior Vitrectomy* 


Follow-up After 
Cataract 
Case RE Radiation / Surgery Postoperative Extraction, 
No. /Eye Classification Prior to Cataract Visual Acuity mo Comment 

Enucleation Said Saas Stable left eye 

EBRT (MV A) 20/20 

EBRT (MV A) Rhegmatogenous retinal detachment in the 
right eye 5 mo after cataract extraction 
(Figs 1 and 2); radiation cataract in the 
left eye not removed 

EBRT (MV A) ght 

EBRT (Co A) Unable to test Both eyes: 13q deletion syndrome with 
mental retardation; visual performance 
improved after cataract extraction 


EBRT (MV A) Unable to test 
EBRT (MV A) 20/400 Amblyopia in the right eye; early 
radiation cataract in the left eye 
EBRT (Co A) ee 
EBRT (MV A) 20/40 Stable right eye 
Enucleation teks OPN 
IIIA (VS) EBRT (MV A/L) 20/400 Amblyopia in the right eye; recurrent 


tumor in the left eye 4 y after 
EBRT; cataract in the left eye 


IIA (VS) EBRT (MV A/L) 20/200 diet 
IIA (VS) EBRT (MV A) Exenteration Right eye: repeated EBRT; severe radiation 


retinopathy with vitreous hemorrhage; 
recurrent tumor (Fig 3) 


Enucleation 


Enucleation e zs Left eye: severe radiation retinopathy and 
keratopathy; macular tumor 


EBRT (MV A) 
IVB (VS) EBRT (Co A) 20/400 Unilateral retinoblastoma, amblyopia 


* RE indicates Reese-Ellsworth; VS, vitreous seeding; EBRT, external-beam radiotherapy; MV A, megavoltage x-ray energy through anterior port; Co A, cobalt energy 
through anterior port; MV A/L, megavoltage x-ray energy through anterior /lateral port; and CF, counting fingers. 
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Case No./ RE 
Eye Classification 


Radiation/ Surgery 
Prior to Cataract 


Follow-up After 


Cataract 
Extraction, 


Postoperative 
Visual Acuity 


EBRT (MV A/L) 


Enucleation 


EBRT (MV A/L) 


EBRT (MV A/L) 


20/100 


20/200 


EBRT (MV A/L) 


EBRT (MV A/L) 
EBRT (MV A/L) 


Enucleation 
EBRT; Enucleation 


EBRT (MV A/L) 
Enucleation 
IIIA EBRT (MV A/L) 


V (VS) 
IVB (VS) 


Enucleation 
EBRT (MV A/L); iodine 


125 plaques 


EBRT (MV A/L); 
cobalt plaques 


EBRT; Enucleation 
IIA EBRT (MV A/L) 


IVB (VS) 
V (VS) 
V (VS) 


EBRT (MV A/L) 
EBRT (MV A/L) 
Enucleation 


V Enucleation 
INA EBRT (MV A/L) 
* RE indicates Reese-Ellsworth; VS, vitreous seeding; EBRT, external-beam radiotherapy; MV A/L, megavoltage x-ray energy through anterior / lateral ports; HM, hand 


motions; CF, counting fingers; and LP, light perception. 


history of rhegmatogenous retinal de- 
tachment; and (5) presence of recur- 
rent RB. Nineteen eyes (45%) without 
any of these factors had final visual 
acuities in the range of 20/20 to 20/50. 

Twelve (28.6%) of the 42 eyes had 
macular tumors with postoperative vi- 
sual acuities ranging from 20/80 to 
counting fingers, and 13 (31%) of the 
42 eyes had additional radiation com- 
plications (keratopathy and retinopa- 
thy), which, in eight (62%) of the 13 
eyes led to a decreased postoperative 
visual acuity. 

Mildly dry eyes secondary to lacri- 
mal gland radiation occurred in many 
patients, but unless the cornea showed 
structural changes, such as punctate 
keratopathy, patients were not labeled 
as having radiation keratopathy. Radi- 
ation keratopathy ranged in severity 
from punctate keratopathy to corneal 
vascularization, pannus formation, and 
band keratopathy. 

Radiation retinopathy ranged in se- 
verity from mild cotton-wool spots, 


microaneurysms, and exudates to se- 
vere widespread vascular occlusion an- 
d/or retinal neovascularization with 
vitreous hemorrhage. A total of 17 
(40%) of the 42 eyes had decreased 
postoperative visual acuity secondary 
to macular tumors and/or radiation 
complications. Patients 26, 28, and 32 
(Table 4) had both macular tumors and 
severe radiation complications. 

Severe amblyopia developed in four 
eyes (9.5%) (cases 4, 22, 24, and 27) 
(Tables 1 and 3) One patient (20) 
(Table 3) developed a rhegmatogenous 
retinal detachment, and three patients 
(25, 32, and 35) (Tables 3 and 4) devel- 
oped recurrent RB after cataract re- 
moval. Patient 21 (Table 3) had 13q 
deletion syndrome and mental retarda- 
tion, which prevented formal visual 
testing. 

The patients were separated accord- 
ing to the surgical technique used to 
remove the cataract: (1) discission and 
aspiration with or without primary 
capsulotomy; (2) corneal limbal incision 
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Comment 


Right eye: macular tumor; severe 
radiation keratopathy 


Macular tumors in both eyes; 
better visual performance 
after cataract extraction 


Macular tumors in both eyes; 
tumor in the left eye involves the 
entire macula 


Right eye: cryotherapy and xenon 
photocoagulation prior to cataract 
extraction; mild radiation retinopathy 


Left eye: recurrent macular tumor; 
repeated EBRT; iodine 125 plaques; 
severe radiation retinopathy 


Stable left eye 


Stable left eye 


Right eye: recurrent tumor 15 mo after 
cataract extraction; severe radiation 
keratopathy and retinopathy 


Macular tumor in the left eye 


Macular tumor in the right eye 


Stable left eye 





with anterior vitrectomy; (3) pars pla- 
na lensectomy and anterior vitrec- 
tomy; and (4) pars plicata lensectomy 
and anterior vitrectomy. None of the 
eyes developed clinical cystoid macular 
edema. 


Discission and Aspiration 


Patient data are summarized in Ta- 
ble 1. Six eyes had retention of the 
posterior capsule and four eyes had 
primary capsulotomy. Opacification of 
the posterior capsule occurred in all of 
the eyes, with five of the six eyes 
requiring a capsulotomy 2 to 14 months 
later. The one eye that did not have a 
secondary capsulotomy (case 8) had 
severe radiation keratopathy limiting 
the visual acuity. There was no differ- 
ence in final visual acuity between eyes 
that had primary vs secondary capsu- 
lotomy. The one eye that developed 
amblyopia had a unilateral RB when 
contact lens wear was attempted un- 
successfully. 
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Corneal Limbal Incision 
With Anterior Vitrectomy 


Patient data are summarized in Ta- 
ble 2. The only wound leak occurred 
with this technique. The 3-mm incision 
was originally closed with two inter- 
rupted 7-0 vicryl sutures. A wound 
leak was recognized the first day after 
surgery and did not respond to pres- 
sure patching. Surgical repair required 
five interrupted 10-0 nylon sutures to 
close the wound. Postoperative recov- 
ery was uneventful and final visual 
acuity was excellent. 


Pars Plana Lensectomy 
and Anterior Vitrectomy 


Patient data are summarized in Ta- 
ble 3. Patient 21 had dysmorphic fea- 
tures, mental retardation, and 13q de- 
letion on chromosomal studies.” 
Although formal visual testing was not 
possible in this child, visual perfor- 
mance was greatly improved after cat- 
aract removal. 

Three patients had amblyopia that 
greatly limited the final visual acuity. 
Two patients (22 and 24) had asymmet- 
ric cataract formation, and one patient 
(27) had unilateral RB. Contact lens 
wear was difficult due to decreased 
tear formation from lacrimal gland ra- 
diation. Without consistent aphakic 


correction, aggressive amblyopic 
treatment was impossible. 
Rhegmatogenous retinal detach- 


ment and recurrence of RB developed 
in two patients (20 and 25) following 
cataract removal. The following case 
reports describe the course and man- 
agement of these complications. 


REPORT OF CASES 


CASE 1.—Patient 20 was examined 5 
days after birth because the father had a 
history of RB. Fundus examination re- 
vealed bilateral RB with two tumors in each 
eye. The right eye was staged as IIB and 
the left eye as IB, according to the Reese- 
Ellsworth classification. Neither eye had 
evidence of vitreous seeding. Proximity to 
the fovea made EBRT necessary in each 
eye. Both eyes received 30 Gy during a 6- 
week period, using 4-MV x-ray energy 
directed through an anterior port. Excel- 
lent regression of the tumors was noted 
within 4 weeks. Cataract formation was 
noted 12 to 15 months after EBRT. The 
right eye had progression of the cataract 
until it was difficult to see the posterior pole 
by indirect ophthalmoscopy. Pars plana len- 
sectomy and anterior vitrectomy were per- 
formed 37 months after EBRT when the 
patient was 3.5 years old. A 20-gauge nee- 
dle connected to infusion was placed 
through the nasal sclerotomy and the suc- 
tion-cutting device was placed temporally. 
No complications were encountered during 
the lensectomy or anterior vitrectomy. 

After surgery, examination under anes- 
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Fig 1.—Rhegmatogenous retinal detach- 
ment with proliferative vitreoretinopathy after 
pars plana cataract removal. 


thesia at monthly intervals revealed no 
complications or tumor recurrence until a 
rhegmatogenous retinal detachment was 
noted after 5 months (Fig 1). Two retinal 
breaks were identified in the superior nasal 
quadrant, with proliferative vitreoretino- 
pathy grade C-2.° Successful retinal de- 
tachment repair was performed with pars 
plana vitrectomy, encircling scleral buckle, 
and intraocular instillation of 20% sulfur 
hexafluoride gas. Examination 6 years later 
revealed an attached retina, inactive RB 
tumors, and visual acuity of counting fin- 
gers (Fig 2). 

CASE 2.—The patient presented at age 5 
months with neovascular glaucoma in the 
left eye from a large exophytic RB. The 
right eye revealed two endophytic tumors 
anterior to the equator and one exophytic 
tumor posterior to the equator, without 
vitreous seeding. 

After enucleation of the left eye, the 
right eye was treated with cryopexy and 
xenon photocoagulation. Seven months lat- 
er, recurrence was noted near the posterior 
exophytic tumor and was re-treated with 
xenon photocoagulation. Unfortunately, the 
tumor recurred with vitreous seeding and 
extended to within one disc diameter of the 
optic nerve. 

Immediate EBRT was administered, 
with 42 Gy of 4-MV x-ray energy given 
anteriorly during a 6-week interval. The 
tumor showed a slow response but was 
inactive 4 months after EBRT. Eight 
months after EBRT, tumor recurred and 
was treated with cryopexy alone. Nine 
months later, tumor recurred again and was 
treated with repeated EBRT of 30 Gy of 4- 
MV x-ray energy given laterally during a 4- 
week interval. The tumor regressed but 
cataract changes and vitreous hemorrhage 
obscured a view of the fundus 6 months 
after repeated EBRT. Ultrasonography re- 
vealed no increase in tumor size. 

Pars plana lensectomy and anterior vi- 
trectomy were performed 9 months after 
repeated EBRT. Tumor activity was ques- 
tionable, but the vitreous aspirate showed 
no active tumor cells. Radiation retinopathy 
with neovascularization over the inactive 
tumor was believed to be the source of the 
vitreous hemorrhage. After surgery the 
eye had persistent vitreous hemorrhage, 





Fig 2.—Six years later, the retina is attached 
with no evidence of recurrent tumor. 


but ultrasonography showed no evidence of 
tumor growth. Repeated pars plana vitrec- 
tomy with fluid/air exchange was per- 
formed 6 months later in hopes of restoring 
visual acuity. Although the tumor had not 
enlarged during the 6 months, there was 
still questionable activity. Repeated cyto- 
logic study of the vitreous aspirate was 
negative for blast cells. 

After surgery visual acuity improved to 
counting fingers, but ophthalmoscopic visu- 
alization of the tumor was limited by persis- 
tent vitreous hemorrhage. Monthly follow- 
up revealed slow clearing of the 
hemorrhage and no evidence of tumor 
growth by ultrasonography. Nine months 
after the repeated pars plana vitrectomy 
the patient’s parents noted a dramatic de- 
crease in visual acuity. Examining and rais- 
ing the upper lid revealed a recurrent RB 
extending through the sclera at the site of 
the previous sclerotomies (Fig 3). The re- 
currence was treated with exenteration and 
systemic chemotherapy, and fortunately 
the child was alive and well 8 years later. 
Pathologic examination revealed active RB 
posteriorly that extended anteriomedially 
through the sclera 4 mm from the limbus 
(Figs 4 and 5). 


Pars Plicata Lensectomy 
and Anterior Vitrectomy 


Patient data are summarized in Table 4. 
The course and treatment of two patients 
(32 and 35) with recurrent RB after cata- 
ract removal are described in the following 
case reports. 

CASE 3.—Patient 32 presented at age 4 
months with bilateral stage V RB according 
to the Reese-Ellsworth classification. Ex- 
ternal-beam radiotherapy of both eyes was 
performed. The tumors responded quickly 
in the left eye, but a mild vitreous haze 
persisted. Eight months after EBRT, the 
right eye had a total exudative retinal de- 
tachment with questionable tumor activity. 
Enucleation of the right eye revealed per- 
sistent RB but no involvement of the optic 
nerve or choroid. Radiation cataract was 
noted 14 months after EBRT in the left eye, 
and by 18 months it had progressed to limit 
view of the posterior pole. Pars plicata 
lensectomy and vitrectomy were performed 
without difficulty. According to the pa- 
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Fig 3.—Massive recurrence of retinoblas- 
toma through the previous pars plana scle- 
rotomy. 


tient’s family, postoperative visual perfor- 
mance was improved. Testing revealed 
counting-fingers visual acuity only, second- 
ary to a previous macular tumor. 

Three years after EBRT recurrent RB 
was suspected, with increased vitreous cel- 
lular reaction and cells in the anterior cham- 
ber. Paracentesis and cytologic examination 
revealed active RB. Repeated EBRT was 
performed with 45 Gy administered anteri- 
orly during a 6-week period. The vitreous 
reaction decreased greatly but a mild haze 
remained. Two years later (5 years after 
the original EBRT), the vitreous reaction 
increased again. Complete systemic evalua- 
tion was negative and the family was of- 
fered enucleation or radioactive plaques as 
treatment. Because of the possibility of 
useful vision, the family wanted all at- 
tempts made to save the eye. 

A four-field iodine 125 plaque radiothera- 
py was applied to the left eye. Twelve 
months later, the patient was alive and 
well, but the eye had very little vision 
secondary to severe radiation retinopathy 
and optic neuropathy. There was no definite 
sign of recurrence, although the vitreous 
still had a slight haze. 

CASE 4.—Patient 35 presented at age 12 
months with advanced stage V RB in each 
eye. Bilateral EBRT and systemic chemo- 
therapy were administered as part of a 
protocol for advanced ocular disease. The 
left eye was enucleated 6 months later and 
cryopexy was applied in the right eye for 
anterior recurrences. Cobalt plaque radio- 
therapy was applied to the left eye 12 
months after EBRT for persistent vitreous 
seeding. 

Eighteen months after EBRT, the pa- 
tient had a dense cataract, mild radiation 
keratopathy, and visual acuity of counting 
fingers. White material was seen at the 
pupillary border and magnetic resonance 
imaging showed possible retrolental tumor. 
Enucleation was recommended but the fam- 
ily refused unless definite recurrent RB 
could be documented. After a long discus- 
sion about the risk of cataract removal in 
eyes with active intraocular RB, the family 
decided on lensectomy. Pars plicata lensec- 
tomy and anterior vitrectomy were per- 
formed. Ophthalmoscopic evaluation re- 


Fig 4.—Pathologic examination revealed an 
active tumor in the anterior and posterior 
chambers, with anterior perforation of the 
sclera (arrow) (hematoxylin-eosin, original 
magnification x 10). 


vealed no active tumor but showed vitreous 
haze and severe radiation retinopathy. Cy- 
tologic study of the vitreous specimen 
showed possible recurrent RB but was not 
conclusive. 

After surgery, there was a gradual de- 
cline in visual acuity to light perception 
only, secondary to severe radiation kerato- 
pathy and retinopathy. Enucleation was 
recommended at every visit because of the 
high risk of recurrent disease in a blind eye. 
Fifteen months after cataract removal the 
patient presented with recurrent tumor 
through a central descemetocele. Enucle- 
ation was performed and pathologic exami- 
nation revealed active tumor in the anterior 
and posterior chambers but fortunately no 
involvement of the previous sclerotomies. 
The optic nerve, ciliary body, and choroid 
were free of tumor. Six months later the 
patient was alive and well, with no evidence 
of systemic spread. 


COMMENT 


The first report on surgical treat- 
ment of radiation-induced cataract was 
by Reese“ in 1939. Good results were 
obtained with intracapsular extraction, 
but secondary glaucoma, iridocyclitis, 
and pupillary membrane formation oc- 
curred in three of the six eyes with 
extracapsular extraction. This problem 
was not unique to eyes receiving radia- 
tion, but it reflects the problems that 
occur when excess cortex and/or cap- 
sule are left in the eye. Development 
of the operating microscope, in con- 
junction with a discission and aspira- 
tion technique, improved the extracap- 
sular technique. * 

Improvement in microsurgical in- 
struments and the development of suc- 
tion-cutting devices allowed removal of 
the lens, posterior capsule, and anteri- 
or vitreous.” To reduce the risk of 
amblyopia from the opacified posterior 
capsule, primary removal of the poste- 
rior capsule has become an essential 
part of the congenital cataract opera- 


1706 Arch Ophthalmol—Vol 108, December 1990 





Fig 5.—High-powered view shows active tu- 
mor extending through the scleral perforation 
(hematoxylin-eosin, original magnification 
x 100). 


tion.” The final innovation was surgery 
posterior to the iris plane, which al- 
lows complete removal of the lens, 
posterior capsule, and vitreous." This 
progression in technique is reflected in 
our experience with removal of radia- 
tion-induced cataract in patients treat- 
ed for RB. 

Discission and aspiration was the 
earliest operation and was highly suc- 
cessful. All patients attained their po- 
tential visual acuity despite posterior 
capsule opacification necessitating a 
secondary capsulotomy in five of the 
six eyes. Amblyopia did not appear in 
eyes with posterior capsule opacifica- 
tion, which is probably due to the close 
follow-up and early secondary 
capsulotomy. 

Corneal limbal incision with lensec- 


tomy and anterior vitrectomy was 
highly successful and without visual 
complications. One patient developed a 
wound leak after primary closure of a 
3-mm wound with absorbable suture. 
The surgeon felt that the wound leak 
was not caused by premature absorp- 
tion of the suture but by inadequate 
primary closure. Fortunately, no infec- 
tion developed, and secondary closure 
with five interrupted 10-0 nylon su- 
tures was successful. Early patients 
(11 and 12) had injury to the iris from 
contact with the suction-cutting de- 
vice, but this was not visually signifi- 
cant. Anterior vitrectomy on the 32 
eyes in this study was not associated 
with cystoid macular edema, confirm- 
ing data on eyes with congenital cata- 
racts. 

To decrease iris manipulation and 
improve lens removal, the instruments 
were moved posterior to the iris plane. 
The incision was made in the pars 
plana or 3 mm from the limbus. A 
serious complication that resulted from 
this technique was a rhegmatogenous 
retinal detachment that reduced visual 
acuity to counting fingers. The 20- 
gauge infusion needle that was placed 
superior nasally exerted direct and/or 
indirect traction on the vitreous. Be- 
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cause the vitreous in an infant is a 
well-formed gel, the needle may have 
engaged and directly pulled on the 
vitreous (Fig 6), or the force of the 
infusion stream may have forced the 
vitreous posteriorly and indirectly 
placed traction on the vitreous base 
(Fig 6). This risk has been confirmed in 
other reports in which retinal detach- 
ment occurred in three (6.4%) of 47 
eyes undergoing pars plana lensecto- 
my/vitrectomy.” Although Grossman 
and Peyman” listed their surgical op- 
eration as pars plicata, the incision was 
2 to 3 mm from the limbus. Anatomi- 
cally this is in the pars plana because 
the ciliary body ends 2 mm from the 
limbus." In the 14 eyes that had true 
pars plicata surgery (1 mm from the 
limbus), no retinal complications were 
encountered, which may be secondary 
to decreased manipulation of the vitre- 
ous base. 

Recurrent RB after cataract remov- 
al occurred in three eyes (cases 25, 32, 
and 35). All eyes had anterior tumors 
and vitreous seeding before EBRT and 
persistent vitreous haze after EBRT. 
Two eyes (cases 25 and 35) had initial 
recurrences less than 1 year after 
EBRT, and one eye (case 32) had 
recurrence 3 years after EBRT. 

Both eyes with early recurrence af- 
ter EBRT were eventually enucleated 
or exenterated despite additional radi- 
ation therapy. Patient 25 had vitrec- 
tomy performed at the time of cataract 
removal and 6 months later for non- 
clearing vitreous hemorrhage. The ac- 
tive intraocular RB was spread to the 
orbit and required exenteration and 
systemic chemotherapy for cure. 
While vitrectomy has been used suc- 
cessfully for radiation-induced vitreous 
hemorrhage,’ this case points out the 
danger of vitrectomy on an eye with 
active RB. Fortunately, the recur- 
rence in patient 35 extended through 
the central cornea and not through the 
sclerotomies, which allowed enucle- 
ation instead of exenteration. Both ul- 
trasonography and cytologic study of 
the vitreous aspirate were inadequate 
predictors of recurrence in each case. 
Magnetic resonance imaging prior to 
cataract removal in patient 35 was not 
helpful because it could not distinguish 
between active and inactive tumor. 
Although not available at the time, 
magnetic resonance imaging may have 
been helpful to distinguish active RB 
from old hemorrhage in patient 25." 

The one eye (patient 32) with late 
recurrence of RB after cataract remov- 
al was not enucleated, although the 
visual acuity was severely decreased 
from radiation complications. Fortu- 
nately, there was no systemic spread 
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Fig 6.—Two possible mechanisms for rhegmatogenous retinal detachment with pars plana 
surgery. Left, The infusion needle can inadvertently engage the vitreous face and put traction on 
the vitreous base. Right, The force of the fluid can displace the vitreous base and cause retinal 
tears. 


from tumor cells exposed to the anteri- 
or chamber and Schlemm’s canal. Per- 
sistent vitreous haze should alert the 
surgeon to the potential recurrence. 
The left eye of patient 24, which had 
persistent vitreous haze, developed a 
recurrence 4 years after EBRT. For- 
tunately, the cataract had not been 
removed and the eye was undergoing 
plaque radiotherapy at the time of this 
report. 

Surgery on eyes with a history of 
vitreous seeding and persistent vitre- 
ous haze after EBRT should have cor- 
neal incision lensectomy with preser- 
vation of the posterior capsule and 
avoidance of anterior vitrectomy. The 
posterior capsule can be opened later 
with a needle or by the neodymium- 
YAG laser.” If a capsulotomy and an- 
terior vitrectomy need to be per- 
formed, the corneal incision reduces 
the risk of intraocular RB spreading 
into the subconjunctival space. 

Macular tumors (28.5%), radiation 
keratopathy, and/or retinopathy (19%) 
were the most common reasons for 
poor postoperative visual acuity. Pre- 
vious investigators have pointed out 
the relationship between poor visual 
acuity and macular tumors.*’ Severe 
amblyopia occurred in four eyes 
(9.5%), with reduction in visual acuity 
to 20/400. All four patients retained 
both eyes, with unilateral RB in two 
patients (4 and 27) and asymmetric 
cataract formation in two patients (22 
and 24). Because of the phakic fellow 
eye, a contact lens was needed to 
correct the aphakic eye. Every patient 
did poorly with contact lens wear due 
to decreased tear production from lac- 
rimal gland irradiation. 

The lens is the most radiosensitive 
structure in the eye. Merriam and 


Focht” have shown that as little as 2 
Gy in a single treatment can be catar- 
actogenic. In experiments on rabbits 
and children with RB, the minimum 
cataractogenic dose to the germinative 
zone of the lens epithelium is increased 
to 8 Gy using fractionated radiothera- 
py. All lenses receiving more than 25 
Gy to the germinative epithelium have 
developed posterior subcapsular 
plaques covering the entire posterior 
surface of the lens.“ 

Anterior-port EBRT is associated 
with a higher incidence of anterior 
segment complications, such as cata- 
ract and keratopathy.” In this series, 
cataract formation and subsequent re- 
moval directly led to a retinal detach- 
ment or amblyopia in five eyes, while 
severe radiation keratopathy de- 
creased visual acuity in six additional 
eyes. Past efforts to avoid the lens and 
anterior segment with lateral-port 
EBRT resulted in an unacceptable rate 
of anterior retinal recurrences.°”” 
Schipper et al’ reported a 33% inci- 
dence of cataract formation and no 
peripheral retinal recurrences using a 
lateral field technique, but only two of 
the 54 eyes had vitreous seeding. The 
high incidence of vitreous seeding 
(45%) and tumors anterior to the equa- 
tor (78%) in this series reflects the bias 
toward eyes receiving anterior-port 
EBRT with subsequent cataract for- 
mation. If these eyes had been treated 
with lateral EBRT, the incidence of 
cataract and keratopathy may have 
been lower, but the recurrence rate 
may have been higher. It will be diffi- 
cult to determine whether irradiation 
should spare the lens because a pro- 
spective randomized clinical trial of 
such a rare condition is probably not 
feasible. 
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This series has shown the results of 
removing radiation-induced cataract in 
patients with RB. The main indication 
for cataract removal was significant 
visual impairment, and the absolute 
contraindication was evidence of viable 
tumor. Complications such as spread of 
RB into the subconjunctival space and 
retinal detachment occurred when the 
incision was posterior to the iris plane. 
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Because of these complications we 
believe that incision posterior to the 
iris plane should be avoided. Limbal 
incision anterior to the iris plane with 
capsulotomy can be performed in eyes 
with clear vitreous. Eyes with persis- 
tent vitreous haze after EBRT should 
have a corneal incision lensectomy and 
avoidance of capsulotomy and/or vi- 
trectomy. 
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Tonometer Utilization, Accuracy, 
and Calibration Under Field Conditions 


Izak F. Wessels, FRCS(Edin), Younghyun Oh, MD 


e A field survey conducted in 94 oph- 
thalmologists’ offices in our immediate 
area assessed the accuracy of tonome- 
ters in daily use. One hundred eighty-five 
instruments were examined: 127 were 
slit lamp mounted, 48 were hand held, 
and 10 were noncontact devices. Nine- 
teen percent of applanation tonometers 
were outside the manufacturers’ specifi- 
cations (1 mm Hg of the calibration) and 
4.5% were more than 2 mm Hg in error. 
The error was constant across the scale. 
Hand-held applanators were less accu- 
rate than those on slit lamps (P<.02); the 
latter demonstrated an association be- 
tween accuracy and age (P<.05) and 
heavier use (P<.01). Annual recalibration 
was performed in 86% of instruments. 
Those practitioners who themselves per- 
formed the calibration had the most ac- 
curate instruments. Less than 15% knew 
how to perform the calibration check. 

(Arch Ophthalmol.  1990;108:1709- 
1712) 


The accurate and reliable measure- 

ment of intraocular pressure is es- 
sential for both diagnosis and follow-up 
of glaucoma,’ and inaccurate readings 
can have serious consequences.” Nu- 
merous studies have documented the 
inherent accuracy of the different 
types of tonometers,”*’ but all these 
studies were done under controlled 
laboratory settings and the long-term 
reliability under field conditions is un- 
known. Apart from the recommenda- 
tions contained in the manufacturers’ 


Accepted for publication August 2, 1990. 

From the Department of Ophthalmology, Loma 
Linda (Calif) University. Dr Oh is now a clinical 
fellow with the Glaucoma Service, The Wills Eye 
Institute, Philadelphia, Pa. 

Reprint requests to Department of Ophthalmol- 
ogy, Loma Linda University, 11370 Anderson St, 
Suite 1800, Loma Linda, CA 92354 (Dr Wessels). 


Arch Ophthalmol— Vol 108, December 1990 


8-14 


instruction manuals,** there are no 
guidelines as to how frequently routine 
maintenance and calibration should be 
performed. This study was carried out 
to evaluate the calibration techniques 
and accuracy of applanation tonome- 
ters that are in daily use under clinical 
conditions in our area and to correlate 
the discrepancies found with such fac- 
tors as degree of usage, age of instru- 
ment, and frequency of calibration and 
servicing. 


METHODS 


Introductory letters were sent out to 125 
ophthalmologists practicing in groups or as 
solo practitioners in the Inland Empire area 
(San Bernardino and Riverside counties, 
California) as well as in some of the eastern 
suburban areas of Los Angeles, which fall 
within a 160-km radius of Loma Linda 
University. The names were obtained from 
the mailing list used by Allergan Pharma- 
ceuticals, which is actively updated quar- 
terly (David Whalen, written communica- 
tion, January 1988, Allergan Corp, 
Anaheim, Calif). The letter sought permis- 
sion to visit the practice location and check 
the calibration of all the tonometers in use. 
It included a questionnaire that inquired 
what tonometers were in daily use, their 
date of purchase, the last date of calibra- 
tion, and an estimate of the number of 
patients tested daily. In addition, it asked 
who performed the calibration check and 
how frequently, whether the ophthalmolo- 
gist could personally check the calibration, 
and the ophthalmologist’s perception of the 
instrument’s accuracy. 

Of the 125 letters sent, successful visits 
were made during regular working hours to 
the offices of 94 ophthalmologists. Because 
of group practices, a total of 52 different 
locations were visited. The ophthalmologist 
was personally interviewed in all but nine 
cases (when they were not available), and 
the previously completed questionnaire was 
then reviewed with the nurse or the oph- 
thalmic technician as to its validity. 


All calibration checks of instruments 
were performed by the same observer 
(Y.0.) using the same set of standard 
weights. The manufacturers’ instructions?" 
for each type of tonometer were carefully 
followed. Calibration was checked from the 
higher as well as the lower sides of each 
reference point. After the appropriate cali- 
bration weight was mounted on the slit- 
lamp—mounted tonometers (Fig 1), the to- 
nometer force was increased very slowly, 
until the tip just started moving forward. 
A reading (estimated to the nearest 
0.5 mm Hg) was taken as the lower reading. 
The force was then increased to beyond the 
calibration point, and the same end point 
was then approached from the “opposite 
side” by slowly decreasing the force until 
the tip commenced moving backwards. This 
reading was recorded as the higher reading. 
This procedure was repeated three times 
with the same weight as well as at each of 
the other calibration reference points (0, 20, 
and 60 mm Hg). The differences between 
the higher and lower readings were re- 
corded as a measure of the degree of instru- 
ment play; repeated testing did not show 
any variation in the results obtained. The 
midpoint of the two readings was then 
recorded as the true instrument reading. 
The hand-held applanation tonometers 
were similarly calibrated, with one set of 
standard weights and according to the man- 
ufacturers’ protocol. The noncontact ap- 
planation tonometers (Air-Puff, American 
Optical Co, Buffalo, NY) were checked for 
calibration according to the instructions 
contained in the manufacturer's manual, 
but it was not possible to independently 
verify the internal electronic accuracy. 

Three ophthalmologic instrument techni- 
cians (presently servicing instruments in 
the study area) were also polled for their 
experience in the repair and maintenance of 
tonometers. We did not evaluate any 
Schiotz tonometers; although most offices 
had one available, none were in routine use. 


RESULTS 


Of 125 letters mailed, 94 (75.2%) 
favorable responses were obtained and 
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Fig 1.—Calibration procedure. The tonome- 
ter calibration bar is set at 20 mm Hg and 
inserted into the calibration aperture. As the 
force is very slowly increased on the scale, 
the tonometer tip will start to move forward 
and the reading will reflect the lower of the two 
calibration readings. The force is then in- 
creased about 5 mm and then slowly reduced 
until the tip just moves back and the second 
reading is taken, in this case as 21 mm Hg. 


94 offices were visited. A total of 185 
tonometers were checked (mean, 1.8 
tonometers per ophthalmologist). 

The instruments included 127 (68. 
6%) slit-lamp—mounted applanation to- 
nometers, 48 (26.0%) hand-held ap- 
planation tonometers, and 10 (5.4%) of 
the noncontact tonometers. 


Applanation Tonometers 


With little exception, the mechanical 
applanation tonometers”’ had identical 
errors at each of the calibration refer- 
ence points. The error showed internal 
consistency, remaining constant across 
the range of measured reference 
points, suggesting that an error of 
reference of scale had occurred. Only 
the readings at 20 mm Hg are pre- 
sented, since this value is close to the 
range of clinically crucial measure- 
ments and represents the error at oth- 
er settings (Fig 2). 

Slit - Lamp - Mounted Instru- 
ments. —In the case of Goldmann-type 
applanation tonometers, the mean er- 
ror was 0.36 mm Hg (range, 0 to 3.50 
mm Hg; SE=0.65) at the 20-mm Hg 
reference point (Table 1) and the 
greatest error found was +3.5 mm 
Hg. There was a slight (but not signifi- 
cant) tendency of error toward higher 
readings. The deviations were 1 mm 
Hg or greater (ie, fell outside the 
minimum accuracy as set by the manu- 
facturers) in 12.6% of the instruments, 
and 4.8% had deviations of 2 mm Hg or 
greater. A highly significant associa- 
tion (P<.001) was found between the 
error and the range of play (Table 2). 
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Fig 2.—Deviation from 20 mm Hg for slit-lamp—mounted and hand-held tonometers. The bar 
graph demonstrates that slit-lamp—mounted tonometers (open bars) are closer to the mean 
value, while a broader spread is found with hand-held instruments (solid bars). 


Table 1.—Comparison Between Slit-Lamp-Mounted and Hand-Held 
Applanation Tonometers 


Slit-Lamp-—Mounted 


Tonometers 
aA MMMM 


Mean + SD 


Hand-Held Tonometers 
maA 


Range Mean + SD Range 


Error, mm Hg at 20 mm Hg 0.36 + 0.65 0-3.5 0.60 + 0.84 0-2 


9:8. £ 5.1 
9.4 + 5.6 


Age, y 
No. of patients per day 


No. of months since last 


calibration 13.5 = 26 





0.25-20 6.4 + 3.1 0.2-10 
2-30 9.5 + 6.8 5-20 


Table 2.—Factors Correlating With the Error in Slit-Lamp-Mounted Tonometers 


Age of 


Tonometer 


Correlation 


Significance of correlation (P) 


*This refers to the difference between the higher and lower readings at each calibration reference point. 
tNS indicates not significant. 


Accumulated dirt and dust on the mov- 
ing parts with loss of lubrication causes 
increased resistance to movement (a 
more “sluggish response”) that occurs 
in concert with loss of accuracy. 

Each tonometer was used on a mean 
of 9.4 patients per day (range, two to 
30 patients per day; SD= 5.6) (Table 
1). A highly significant (P<.01) rela- 
tionship, with positive correlation, be- 
tween the degree of usage and accura- 
cy was found (Table 2 and Fig 3). 

The mean instrument age was 5.8 
years (range, 0.25 to 20 years) and a 
significant (P<.05) relationship be- 
tween the age of the instrument and 
accuracy was found (Table 2 and Fig 
4). The time interval since the last 
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Calibration 
Interval 


Range” 
of Play 


Patients 
per Day 





calibration was 13.5 months (range, 0.5 
to 150 months; SD = 26.0), but no cor- 
relation could be demonstrated be- 
tween the time interval and accuracy 
(Table 2). 

Hand - Held Tonometers. — The 
mean error of hand-held tonometers” 
was 0.6 mm Hg (SD=0.84), which is 
higher than that of slit-lamp—mounted 
instruments. The error was greater 
than 1 mm Hg in 33% (16) of instru- 
ments, which is significantly (P<.02) 
greater than that found in slit-lamp- 
mounted tonometers. An error of 2 
mm Hg or greater was found in 4.2% 
(two) of hand-held tonometers. 

The mean age of hand-held tonome- 
ters was 6.4 years (range, 0.2 to 10 
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Fig 3.—The mean error with respect to the number of patients seen per instrument per day 
increases most markedly with hand-held tonometers (solid bars). Slit-lamp—mounted instru- 
ments (open bars) also show increasing mean error with greater use (P<.01). 
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Fig 4.—The mean error with respect to increasing tonometer age shows hand-held instruments 
(solid bars) have a high but fairly constant error, while slit-lamp—mounted instruments (open 
bars) deteriorate to a similar level only after 5 years. 


years; SD= 3.1), and each tonometer 
was being used on a mean of 9.5 pa- 
tients per day (range, five to 20 pa- 
tients per day; SD= 6.8), which is 
very similar to the findings for the slit- 
lamp-—mounted instruments (Table 1). 
There was no statistically significant 
correlation between accuracy and ei- 
ther the age of the tonometer or the 
degree of use (Figs 3 and 4). 

The mean interval since last cali- 
bration was 7.7 months (range, 
0.25 to 60 months; SD=9.0), which 
is about twice as frequent as the find- 
ings for the slit-lamp—mounted instru- 
ments (Table 1). A significant correla- 
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tion (P<.05) was found between the 
calibration interval and accuracy (Ta- 
ble 3). 
Noncontact Tonometers 

The mean deviation for the noncon- 
tact tonometers was 1.9 mm Hg, and 
40% (four) were in error by 1 mm Hg 
or greater. These instruments were 
also the most heavily used, with a 
mean of 56 patients (range, 30 to 200 
patients) per day. 

SURVEY OF 
OPHTHALMOLOGISTS’ OPINIONS 


The survey showed that intraocular 
pressures were routinely being mea- 


Table 3.—Mean Error With Respect 
to Calibration Time in Hand-Held 
Applanation Tonometers (N = 48) 


Interval 
Since Last Mean Error at 
Calibration 20 mm Hg 
0-6 mo 0.40 
6-12 mo 0.90 
>1y 1.50 





sured in 94% of patients, which in- 
cludes screening by the noncontact 
tonometers. Twelve ophthalmologists 
(13%) had never had their tonometers 
checked for calibration. In 27 offices 
(52%), the instruments were checked 
at least once a year and in 11 offices 
(22%), the tonometers were checked 
for calibration at least twice a year. In 
only four offices (8%) were calibrations 
allegedly being performed monthly. 

Of the 94 ophthalmologists sur- 
veyed, 80 (85.2%) admitted that they 
did not know how to perform the cali- 
bration on their own instruments. Only 
eight ophthalmologists (8.5%) per- 
formed the calibration themselves. It 
was these eight who performed the 
calibration checks most frequently, at 
an average of every 1.25 months 
(range, 1 to 3 months). Their instru- 
ments were found to be the most accu- 
rate, with a maximum error of less 
than 0.5 mm Hg. 

We did not find any association be- 
tween the frequency of recalibration 
and degree of usage. The Goldmann 
applanation tonometer was preferred 
by 66 ophthalmologists (70%), and the 
hand-held applanation tonometer was 
preferred by 24 (26%). 


COMMENT 


We are not aware of any other stud- 
ies surveying the reliability of tonome- 
ters under field conditions. The good 
response rate (75.2%) may allow the 
drawing of general conclusions, even 
though rigid sampling techniques were 
not followed. We did not find any 
practitioners using the Schiotz tonom- 
eter for glaucoma management in our 
area. The applanation tonometers have 
been reported as being not only more 
convenient to use but also more accu- 
rate™™; however, they may undergo 
calibration less frequently. Despite 
the inclusion of calibration bars and 
weights as standard equipment with 
all instruments, the protocol of regu- 
larly checking instrument calibration 
(as in the case of Schiotz devices) is 
not emphasized and may thus be ne- 
glected. 

There are three important concepts 
in judging instrument performance: 
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Table 4.—Comparison Between Tonometers Within (<1 mm Hg) and Outside 
(>1 mm Hg) Manufacturer's Specifications 


Tonometer 
Slit-lamp-mounted (N = 127) 
Instrument age, y 
No. of patients per day 
Hand-held (N = 48) 
Instrument age, y 
No. of patients per day 





accuracy refers to the agreement be- 
tween the best estimate of a quantity 
and its “true” value; precision refers to 
the agreement between replicate mea- 
surements; and sensitivity refers to 
the ability to detect small changes in 
the factor being measured.” 

High sensitivity is of less value in 
following factors that normally show 
large fluctuations.” In glaucoma espe- 
cially, instrument results influence 
clinical decisions, although intraocular 
pressure is considered only one risk 
factor.’ In patients with end-stage 
disease, however, the pressure re- 
corded becomes influential in deciding 
for or against surgery, and even more 
so with numerical results implying ob- 
jectivity and infallibility. Quality con- 
trol criteria are being suggested for 
the routine maintenance, inspection, 
and calibration of all clinical instru- 
mentation, eg, in clinical pathology 
laboratories.” It may be appropriate to 
have similar standards for ophthalmic 
instruments that provide quantitative 
data. In this study, most of the tonom- 
eters displayed an acceptable degree of 
accuracy. A greater mean error was 
found in hand-held instruments, de- 
spite twice as frequent calibration. 
There was no marked difference in the 
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Mean + SD 
>1 mm (n = 16) 
T3 t51 
13.1 + 5.8 
>1 mm (n = 16) 
TL2 
10.0 + 7.0 


Mean + SD 
<1 mm (n = 111) 
6:5 + 4.7 
8.9 + 5.4 
<1 mm (n = 32) 
6.0 + 3.3 
10.0 + 6.9 


degree of use between hand-held and 
slit-lamp—mounted instruments. 

Noncontact tonometers in this study 
had the greatest error of all types of 
tonometer, and they were used most 
heavily. Because they cannot be recali- 
brated in the office, very frequent 
cleaning and maintenance (ie, every 1 
to 3 months) is recommended” but 
rarely followed (oral communication 
from instrument technicians, February 
1988). 

The applanation devices also have 
large calibration interval ranges: up to 
13 years, with instruments never 
checked since the original purchase. 
Older slit-lamp—mounted instruments 
showed increased loss of accuracy (Fig 
4). Instruments with greater than 
l-mm Hg error tended to be older 
(mean age, 7.3 years) and also tended 
to be used more heavily (mean patients 
per day, 13) (Table 4) (P<.01)). 

Even brand-new instruments re- 
quire calibration. In one clinic, four 
new Goldmann tonometers (purchased 
only 3 months earlier) were found with 
errors of 1.5 to 3.25 mm Hg. 

The manufacturers recommend that 
any tonometer with a deviation of 
1 mm Hg or greater be recalibrated 
and/or repaired. Alhough it may seem 
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arbitrary, we found that ophthalmolo- 
gists expect the instrument accuracy 
to be within 1.25 mm Hg (range, 0.5 to 
3mm Hg). 

It appears from this study that most 
applanation tonometers in our area are 
acceptably calibrated. The practices of 
annual to biennial cleaning and servic- 
ing seems sufficient, except in the case 
of the noncontact tonometers. 

Most ophthalmologists rely on tech- 
nicians to perform calibration checks. 
In one clinic, four of six Gold- 
mann applanation tonometers, alleged- 
ly checked 2 weeks earlier, were found 
to be 1 to 2.5 mm Hg in error. Of 
greatest concern is the finding that 
more than 85% of ophthalmologists ad- 
mitted not knowing how to calibrate 
their own instruments. It is simple to 
check an applanation tonometer for 
accuracy, and it requires only a mini- 
mal amount of time.™™ Slit-lamp- 
mounted instruments require factory 
servicing for adjustment. Hand-held 
instruments may be recalibrated in the 
office.” The finding that none of the 
tonometers routinely being checked by 
an ophthalmologist had any significant 
error (all were within 0.5 mm Hg) 
should encourage others to learn and 
regularly perform this simple tech- 
nique. A quality-control system is rec- 
ommended in which all tonometers are 
routinely checked and personal confir- 
mation by the ophthalmologist is 
included. 
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Color Matching and Foveal Densitometry in Patients and 
Carriers of an X-linked Progressive Cone Dystrophy 


Johan E. E. Keunen, MD; Judith A. M. van Everdingen; Loe N. Went, DSc; Jendo A. Oosterhuis, MD; Dirk van Norren, PhD 


e We describe a family with an as yet 
undescribed form of X-linked progres- 
sive cone dystrophy in a five-generation 
pedigree, from which we report here the 
results of 17 male patients and 31 obli- 
gate and 13 possible female carriers. The 
affected males showed the characteris- 
tic picture of cone dystrophy. Foveal 
cone photopigment density was im- 
paired (judged from anomaloscope set- 
tings and foveal densitometry), even at 
an early stage of the disease. The carri- 
ers showed no fundus abnormalities, ex- 
cept occasional changes due to myopia. 
The anomaloscope demonstrated mild 
pseudoprotanomaly in 27 of 31 obligate 
carriers and in six of 13 possible carriers. 
Foveal densitometry findings performed 
in 11 carriers always agreed with the 
anomaloscope findings. We conclude 
that the findings of pseudoprotanomaly 
and abnormal density differences in fe- 
males of this family were the only ocular 
abnormalities and thus are indicative of 
the carrier state. 

(Arch Ophthalmol. 
1719) 


1990;108:1713- 


progressive cone dystrophy is the 

description generally used for pa- 
tients who show evidence of deteriora- 
tion of the cone mechanism with com- 
paratively little impairment of the rod 
mechanism. `” Most cases are sporadic,” 
but when progressive cone dystrophy 
is inherited, the mode of inheritance is 
usually autosomal dominant™ or X- 
linked.” The typical clinical picture 
includes photoaversion, day blindness, 
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progressive loss of visual acuity, and 
color vision impairment that may pre- 
cede visible fundus alterations.’°” 
According to Krill,” retinal pigment 
epithelium (RPE) alterations common- 
ly progress to a bull’s-eye lesion, but 
normal fundi or patchy localized foveal 
or macular mottling of the RPE with 
window defects on the fluorescein an- 
giogram have also been reported.” In- 
distinct foveal light reflexes, central 
geographic atrophy of the RPE, and 
thin peripheral RPE were reported by 
Jacobson et al.” Sometimes, temporal 
pallor of the optic disc is noted. A 
central scotoma and reduced or nonde- 
tectable photopic electroretinogram 
(ERG) may occur. Also, rod dysfunc- 
tion may be found. When the foveal 
cones are primarily affected, color vi- 
sion defects and a decrease in visual 
acuity may precede abnormalities of 
the ERG; the reverse may be true 
when the peripheral cone system is 
first affected. van Meel and van Nor- 
ren” reported impaired foveal cone 
photopigment kinetics on retinal densi- 
tometry in one patient with progres- 
sive cone dystrophy, associated with 
pseudoprotanomaly. 

In this article, we describe a five- 
generation pedigree with cone dystro- 
phy with X-linked inheritance. We lay 
emphasis on foveal cone photopigment 
impairment both in female carriers and 
in affected male patients at an early 
stage of the disease. 


SUBJECTS AND METHODS 
Family Study, Patients, and Carriers 


A total of 111 members of this large 
family of more than 500 individuals were 
examined at their homes after informed 
consent was obtained. A routine ophthalmo- 
logic examination was carried out, and 
color vision tests were performed (Nagel’s 
anomaloscope, Ishihara’s and AQO-Hardy- 
Rand-Rittler [AO-HRR] pseudoisochroma- 
tic plates, and the Lanthony 15 hue désa- 
turé). An abbreviated pedigree, revealing 
the sex-linked inheritance, is presented in 
Fig 1. We identified 22 patients (including 
five who died before 1984) and 54 obligate 
carriers. Obligate carriers were females 
whose father was affected, or who had at 
least one affected son. We also report find- 
ings on some possible carriers who had an 
obligate carrier mother and thus had a 50% 


chance to carry the abnormal gene. Retinal 
densitometry was performed in seven obli- 
gate and four possible carriers and in three 
patients. Fluorescein angiography, perim- 
etry, and ERGs were performed in some 
patients and carriers (Tables 1 and 2). 
Blood samples were collected from one 
branch of the family, and DNA was extract- 
ed therefrom in an effort to localize the 
defective gene. 


index Case 


In 1972, a male patient aged 39 years 
(patient 11, Table 1) noticed photoaversion 
and a gradual decrease in visual acuity 
during daytime; he was otherwise healthy 
and did not use drugs. At that time, the 
best corrected visual acuity was 0.5 OD and 
1.0 OS. The only abnormality on fundus 
examination was the bilateral absence of 
foveal reflexes. In 1983, the best corrected 
visual acuity was 0.5 OD and 0.6 OS. The 
fundus demonstrated subtle perimacular 
changes of the RPE, and the macular re- 
flexes were absent. The optic disc and 
retinal periphery were normal. Fluorescein 
angiography revealed subtle macular pig- 
mentary alterations in both eyes and nor- 
mal retinal vessels. The patient was un- 
able to identify pseudoisochromatic color 
plates (AO-Hardy-Rand-Rittler and Ishi- 
hara’s) and had a marked pseudoprotanom- 
aly on anomaloscope testing. Visual field 
testing showed bilateral central scotomas. 
Dark adaptation performed in the left eye 
at 15° temporal to the fovea was monopha- 
sic, with a normal final rod threshold. Elec- 
troretinography showed moderately im- 
paired photopic a and b wave responses, 
but normal rod-mediated responses in both 
eyes. Visual evoked potentials (VEPs) 
showed delayed latencies (132 and 127 milli- 
seconds right eye and left eye) with normal 
amplitudes. The patient died in 1983 as a 
result of a car accident. 


Anomaloscope 


A Nagel’s type I anomaloscope was used. 
Subjects were presented with different set- 
tings of the knob for red-green mixtures 
(top half of the circular field) to be matched 
with the setting of the knob for yellow 
(bottom half of the circular field). They 
were also repeatedly allowed to adjust the 
red-green knob until a color match was 
obtained. 


Densitometry 


The Utrecht (the Netherlands) retinal 
densitometer has been described in detail 
by van Norren and van der Kraats.® The 
main principle is that changes in retinal 
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Fig 1.— Pedigree of the family with X-linked progressive cone dystrophy. 


transmittance between fully dark-adapted 
and fully bleached states of the retina are 
related to the in situ photopigment double 
density of the test area. The measuring 
sequence was a 2-minute bleaching expo- 
sure at 6 log trolands, followed by a dark 
period of pigment regeneration. After re- 
generation had stabilized for at least 2 
minutes, a second bleaching exposure of 1 
to 2 minutes was used. The bleaching light 
was free of short-wavelength blue light. 


Two values were abstracted from the data: 
the density difference and the time constant 
of pigment regeneration. The density dif- 
ference is the change in the logarithm of the 
measuring light reflectance (wavelength, 
554 nm) to the reference light reflectance 
(wavelength, 711 nm), from fully bleached 
to fully adapted states. The time constant of 
pigment regeneration was estimated from 
the initial 180 seconds of adaptation follow- 
ing extinction of the bleaching light. ®” 
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Normative foveal data were obtained from 
° ° 18 

a previous study in our department. ` The 

measurements were not made in cases with 

extreme photoaversion, poor fixation, myo- 

pia of more than 8 diopters (D), and senile 

lens opacities or if mydriasis was refused. 


Electrophysiology 


This was performed in 12 patients and 
seven obligate carriers according to a previ- 
ously published technique.”” Briefly, the 
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* Only the last data of our files are presented. ERG indicates electroretinogram; RPE, retinal pigment epithelium; ICMRs, impaired cone-mediated responses; IRMRs, 
impaired rod-mediated responses; SN, subnormal responses (between 2 and 3 SDs); M, moderate (responses below 3 SDs); SV, severe (no or hardly detectable re- 


sponses); and BE, bull’s-eye appearance. 
tDecimal acuity following Snellen’s notation. 
+Spheric equivalent in diopters. 
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OD M-ICMRs, 
OS SN-ICMRs 

BE SV-ICMRs 
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Slight RPE alterations 


BE SV-ICMRs, 
M-IRMRs 
M-ICMRs, 
SN-IRMRs 


Macular RPE 
alterations, 
golden sheen 

Obvious RPE 
alterations 


BE SV-ICMRs 


§Difference (in scale numbers) with mean match for normal observers (see text). 
||Mean + SD value for normal observers, 0.32 + 0.03. 


ERG was recorded with flashes of three 
different intensities under scotopic condi- 
tions, and likewise with three flash inten- 
sities under photopic conditions (with 
the use of a 3-candela/m’ blue back- 
ground). The VEPs were recorded to Ganz- 
feld flashes and to appearing-disappearing 
checkerboard patterns, with check sizes of 
11, 23, and 46 minutes of visual angle and a 
25° fieldwidth. The VEPs were only record- 
ed in patients 6 and 11. 


Visual Fields 


Multiple stimulus static perimetry within 
the 25° field was performed with a Peritest 
in all seven carriers from whom ERGs were 
obtained and in most patients as given in 
Table 1. 


Fluorescein Fundus Angiography 


This was performed in patients 4 through 
6, 9 through 12, 14, and 17 (Table 1) and 
obligate carriers (Nos. 10, 11, 18, and 15). 

RESULTS 
Patients 


The clinical data of all investigated 
patients are summarized in Table 1. 
The fundus picture and the fluorescein 
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angiogram of a typical patient are giv- 
en in Fig 2. The affected males had 
cone dystrophy, exhibiting different 
stages of the disease. Patients 1 
through 3 have been included in the 
patient group on the basis of a marked 
pseudoprotanomaly (they also missed 
most of the Ishihara’s plates and a 
number of the AO-Hardy-Rand-Rittler 
plates); the mothers of these three 
patients all showed pseudoprotanoma- 
ly; ERGs were refused. 

The mean+SD age of all patients 
given in Table 1 was 42+16 years, 
ranging from 10 to 62 years. The visual 
acuity of the best eye of these patients 
(and, if previous visual acuities were 
available, the loss of visual acuity 
throughout the years) is given in Fig 3 
as a function of age. All patients (ex- 
cept Nos. 3, 8, and 11) had a myopia of 
5 or more D; on ophthalmoscopy, the 
macular appearance varied from nor- 
mal to a bull’s-eye pattern. Patient 15 
showed a golden sheen temporal to the 
macula in both eyes, diminishing to the 
midperiphery. The Mizuo-Nakamura 
phenomenon as seen in Oguchi’s dis- 


Fluorescein 
Angiography 


Normal 


Obvious RPE 
alterations 


Density 
Anomaloscope§ Difference|| 


Fine annular 
RPE alterations 


BE Not measurable i 


Not measurable 





ease was absent although this has been 
described previously in progressive 
cone dystrophy.*® A moderate to se- 
vere impairment of the cone-mediated 
ERG responses (Table 1) was found in 
all patients in whom this was studied. 
Rod system impairment was noted in 
patients 6, 7, 14, and 15. The Peritest 
and/or static perimetry (not studied in 
patients 1 through 3) showed a varying 
degree of central scotoma in all. Re- 
sults of fluorescein fundus angiography 
were similar to those described in cone 
dystrophy. ”” In some patients, the 
angiogram of the macula was normal. 
On anomaloscope testing, with the nor- 
mal setting of the yellow knob, a match 
could always be obtained between the 
top and bottom halves. The results of 
normal subjects were, for the red- 
green knob, 42 (with an SD of 2) 
against 17 for the yellow knob. The 
highest reading that we ever encoun- 
tered in a normal observer was 45. 
Pseudoprotanomaly was defined as a 
mean position of the red-green settings 
greater than 46 (being more than twice 
the SD), with the same normal setting 
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* Carriers 5 through 29 showed pseudoprotanomaly. ERG indicates electroretinogram. 
tDecimal acuity following Snellen's notation. 

¢Spheric equivalent in diopters. 

§Difference (in scale numbers) with mean match for normal observers (see text). 
||Mean + SD value for normal observers, 0.32 + 0.03. 

{Mean + SD value for normal observers, 99 + 10 seconds. 


Table 3.—Possible Carriers of X-linked Cone Dystrophy * 


Visual Refractive Density Time 


acuityt Anomaloscope§ Difference|| Constant! 
Carrier / 
Age, y Photograph 


1.25 +0.25 





* Possible carriers were daughters of obligate carriers, with a 50% chance of carrying the abnormal gene on one of their X chromosomes. Carriers 8 through 13 showed 
pseudoprotanomaly. 

tDecimal acuity following Snellen's notation. 

¢Spheric equivalent in diopters. 

§Difference (in scale numbers) with mean match for normal observers (see text). 

|Mean + SD value for normal observers, 0.32 + 0.03. 

‘Mean + SD value for normal observers, 99 + 10 seconds. 
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Fig 2.—Red-free fundus photograph of the 
bull’s-eye lesion in the macula of the left eye 
of patient 5, a 31-year-old man with progres- 
sive cone dystrophy (top). Fluorescein fun- 
dus angiogram of the same eye at 40 and 195 
seconds after injection of fluorescein (center 
and bottom, respectively). 


of the yellow brightness. Obvious 
pseudoprotanomaly was noticed in all 
patients, with a difference from the 
normal red-green settings ranging be- 
tween +6 and +25. Three patients 
(Nos. 7, 12, and 16) were unable to 
perform the test. In patients 2 and 3, 
pseudoprotanomaly was present with 
normal visual acuity and a normal fun- 
dus picture. None of the pseudoiso- 
chromatic plates could be seen by the 
affected males; the errors with the 
Lanthony 15 hue désaturé were severe 
but nonspecific. Foveal densitometry 
(performed in patients 4, 6, and 10) 
showed density differences of at most 
0.04 (normal+SD value, 0.32+0.03; 
Fig 4). With these low densities, no 
time constants of photopigment regen- 
eration could be obtained. We noted in 
patients 4 and 10 a normal visual acu- 
ity despite a hardly detectable foveal 
cone photopigment double density. 
The VEPs of patient 6 showed pro- 
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Fig 3.—The visual acuity (VA) of the best eye (in decimal following the Snellen’s equation) as a 
function of age (in years) of the patients with progressive cone dystrophy (Table 1). A solid line 
represents the course of visual acuity in time (when previous visual acuities of the same eye 


were available). 


longed latencies on pattern stimulation 
(120 and 118 milliseconds for the right 
and left eyes, respectively; normal la- 
tency, +2 SDs, 98+8 milliseconds); 
the voltages were normal. None of the 
patients had neurologic abnormalities. 


Carriers 


Findings are summarized in Table 2 
for obligate and in Table 3 for possible 
carriers. Myopia greater than 5 D OU 
was noticed in one obligate carrier 
(No. 19) and in one possible carrier. 
Additionally, unilateral high myopia 
with amblyopia was found in four obli- 
gate carriers. On ophthalmoscopy and 
color photography, the appearance of 
the macula was normal in all investi- 
gated carriers (except changes typical 
for high myopia in the individuals men- 
tioned above). Electroretinography, 
performed in six obligate carriers, re- 
vealed normal photopic and scotopic 
responses. Fluorescein angiography in 
four obligate carriers revealed no ab- 
normalities. The multiple stimulus 
static perimetry of the 30° visual field 
was normal in all investigated carriers. 

Pseudoprotanomaly was noted in 25 
of the 31 obligate carriers (ranging in 
age between 11 and 88 years); there 
was no correlation between age and 
the degree of increased anomaloscope 
readings. Foveal densitometry was 
performed in seven of the obligate 
carriers (Table 2, Fig 4). It revealed in 
all cases low-density differences be- 
tween 0.08 and 0.26 (mean+SD nor- 


mal value, 0.32 + 0.03). Time constants 
of pigment regeneration were general- 
ly fast, varying from 66+7 to 99+8 
seconds (mean+SD normal value, 
99+10 seconds). In both eyes of obli- 
gate carrier 1, normal anomaloscope 
settings and nearly normal foveal den- 
sitometry values were obtained. Table 
ə shows that in six of 13 possi- 
ble carriers, pseudoprotanomaly was 
noted; retinal densitometry was per- 
formed in four of them, showing de- 
creased density differences in three 
(between 0.03 and 0.14). In two possi- 
ble carriers, the unilaterally obtained 
time constant was normal. The other 
color vision tests showed that in a 
number of the carriers with marked 
pseudoprotanomaly, difficulty was en- 
countered with reading many pseudo- 
isochromatic plates. Nonspecific er- 
rors were made occasionally with the 
Lanthony 15 hue désaturé. 

In the group of unaffected fami- 
ly members, no ocular abnormalities 
(with the exception of amblyopia) or 
color vision defects were found. 


COMMENT 


This article describes a family with 
X-linked progressive cone dystrophy 
with affected males in at least five 
generations. The clinical picture of 
X-linked progressive cone dystrophy 
was in most of the published cases and 
in the present family similar to pro- 
gressive cone dystrophy in isolated 
cases or in cases with autosomal domi- 
nant inheritance. Based on the clinical 
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Fig 4.—Results of foveal densitometry in a 
20-year-old healthy subject (tracing A) and of 
X-linked progressive cone dystrophy in obli- 
gate carrier 21 (tracing B) and patient 6 (trac- 
ing C). After a bleaching exposure, the dark 
period starts at off; at on, the bleaching light is 
switched on again. The density difference in 
the healthy subject is 0.30, and the 
mean = SD time constant is 108 + 6 seconds. 
Tracing B (obligate carrier 21, left eye) shows 
a density difference of 0.18; the mean+SD 
time constant is 70+7 seconds. Tracing C 
(patient 6, right eye) shows no detectable 
change in visual pigment density between 
fully bleached and fully dark-adapted states 
(density difference, <0.01); the time constant 
of pigment regeneration is thus unmeasur- 
able. 


data in our family, other macular dys- 
trophies could be excluded. The de- 
crease of visual acuity started after the 
age of 20 years; the progressive course 
of the disease, the absence of a pendu- 
lar nystagmus, and the macular dys- 
trophy in a later phase of the disease 
ruled out complete and incomplete 
achromatopsia. Moreover, the X- 
linked inheritance itself excluded com- 
plete achromatopsia. 


Patients 


All affected males showed various 
stages of progressive cone dystrophy. 
Foveal densitometry in three patients 
in whom this technique was used re- 
vealed gross impairment (Table 1), 
even when the visual acuity was nor- 
mal (patients 4 and 10). Thus, in the 
early stage of cone dystrophy in this 
pedigree, foveal densitometry is a sen- 
sitive indicator of impairment of the 
foveal cone photopigment. The densi- 
tometric results indicate that probably 
the cone photoreceptors are primarily 


involved in the pathogenesis of cone 
dystrophy, as also suggested by Deut- 
man” and Yanoff and Fine.” As far as 
we know, histologic reports on pro- 
gressive cone dystrophy are not avail- 
able. Our densitometric data agree 
with the measurements on isolated 
cases of progressive cone dystrophy.” 
Ripps et al” published results of retinal 
densitometry in four affected males of 
a pedigree with a dominantly inherited 
progressive cone dystrophy. These 
measurements were at a locus 15° in 
the temporal retina, where mainly 
rods were present”; reductions in rho- 
dopsin levels were found, providing 
evidence of impairment of the rod sys- 
tem. In only three of our patients we 
observed impairment of the rods with 
ERGs. 

In all affected males, a notable pseu- 
doprotanomaly was present with im- 
paired density differences on densi- 
tometry when these could be measured 
(Table 1). Pseudoprotanomaly (which 
in itself is a nonspecific finding, occur- 
ring in other ocular disorders such as 
albinism) is an independent indication 
for reduced absorption of foveal cone 
photopigments.”” This may be due to 
shortened photoreceptor outer seg- 
ments,” photoreceptor distortion,” 
increased time constant of pigment re- 
generation (based on metabolic dys- 
function or accidental serous leak- 
age), or a combination of these 
causes. 

In patients 6 and 11 in whom VEPs 
were measured, prolonged latencies 
were found. This observation was also 
reported by Jacobson et al,” giving 
evidence that ganglion cells may be 
affected in progressive cone disease. 
However, an increased latency in itself 
does not conclusively incriminate gan- 
glion cell disease. 


Carriers 


Lyonization of one of the two X 
chromosomes in females does occasion- 
ally lead to abnormal findings in carri- 
ers of X-linked diseases (as reported 
for retinal disorders by Jay”). We 
found a high percentage (87%) of mild 
pseudoprotanomaly in the obligate car- 
riers of our family with X-linked 
cone dystrophy. This observation and 
the impaired densitometry parameters 
were the only determinable ocular ab- 
normalities in the group of investi- 
gated carriers (apart from bilateral 
myopia of more than 5 D in one and 
unilateral high myopia in four carri- 
ers). A previous study from our labora- 
tory” demonstrated no significant dif- 
ference between a group of healthy 
subjects with myopia of 5 up to 10 D 
and an age-matched group of healthy 
subjects without refraction anomaly, 
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both for anomaloscope settings (Stu- 
dent’s t test, P=.80) and foveal den- 
sity differences (Students t test, 
P=.21). Thus, the refraction anomaly 
in some carriers is unlikely to have 
been responsible for the pseudoprot- 
anomaly. 

The results of foveal densitometry in 
our carriers showed a correspondence 
with the anomaloscope settings: in 
all cases with pseudoprotanomaly in 
which foveal densitometry was per- 
formed, decreased density differences 
were found (Tables 2 and 3). Our af- 
fected males showed marked pseudo- 
protanomaly and, in the three in- 
stances in which it was measurable, 
strongly decreased density differences; 
whereas in our carriers with pseudo- 
protanomaly and reduced density dif- 
ferences, the impairment of both pa- 
rameters was generally milder. 

A slight shift of the Rayleigh match 
midpoint toward the green end of the 
scale may be found with increasing 
age.” Data from Tables 2 and 3 show 
no significant correlation of age with 
the anomaloscope settings of the carri- 
ers (Student’s t test, P=.996). Of the 
four obligate carriers with normal 
anomaloscope settings, two were aged 
older than 70 years and one was 23 
years old, while the ages of obligate 
carriers with pseudoprotanomaly var- 
ied between 11 and 88 years. 

Factors that may be responsible for 
the reduced density differences and 
pseudoprotanomaly in the carriers 
have been mentioned above. Photore- 
ceptor distortion is not likely in our 
carriers, as concluded from the ab- 
sence of serous leakage on the fluores- 
cein angiography in the four obligate 
carriers in whom it was performed. 
Also, a lengthened time constant could 
be excluded: we observed normal to 
fast time constants of cone pigment 
regeneration. We can offer no explana- 
tion for this finding. 

The anomaloscope and the retinal 
densitometer may be valuable tools 
when possible carriers of the reported 
family ask for genetic counseling. The 
pseudoprotanomaly in possible carriers 
8 through 13 (Table 3), as well as the 
abnormal cone photopigment density 
on densitometry in possible carriers 9, 
12, and 13, is strongly indicative of the 
presence of the abnormal X chromo- 
some in these individuals. 


X-linked Inheritance 


There have been a number of earlier 
reports on families with progressive 
cone dystrophy showing X-linked in- 
heritance. Fleischman and O’Donnell’ 
described a congenital X-linked incom- 
plete achromatopsia, which was possi- 
bly a cone dystrophy given the pro- 
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gressive course of the disease. In 
contradistinction to the carriers in our 
family, some of their carriers had an 
abnormal foveal appearance. Hecken- 
lively and Weleber*® described an X- 
linked recessive cone dystrophy with 
tapetal-like sheen in four males and 
one female carrier, according to these 
authors it was not previously recog- 
nized. The only female carrier who was 
studied displayed a mild tapetal-like 
sheen both centrally and in the periph- 
ery; she had decreased photopic and 
dark-adapted cone-mediated ERG re- 
sponses (30% to 50% of normal). Also, 
the photopic flicker amplitudes were 
reduced. Furthermore, in an affected 
boy, the reported ERG abnormalities 
and impaired visual acuity were al- 
ready present at the age of 13 years. 
In our study, only patient 15 demon- 
strated a golden tapetal-like sheen in 
both eyes. Pinckers and Timmerman,’ 
Pinckers and Groothuizen,’ and Ver- 
doorn and Pinckers’ published three 
pedigrees suggestive of X-linked cone 
dystrophy. They described carriers 
without ocular abnormalities, as well 
as carriers with a widespread spec- 
trum of cone-mediated dysfunction, 
such as diminished visual acuity, 
slightly reduced red sensitivity, myo- 
pia, and subnormal photopic responses 
on ERGs. In most carriers, the fundus 
appearance was normal. A difference 
with the patients in our family was the 
early onset of visual deterioration in 
the studies of Pinckers and col- 
leagues”’”: age younger than 14, 9, and 
7 years in their three pedigrees. In a 
report on X-linked progressive cone 
dystrophy by Jacobson et al,” the clini- 
cal picture of the patients was closely 
comparable with that in our study; the 
prolonged VEP latencies reported by 
Jacobson et al” were also found in 
patients 6 and 11 of our study. One 
difference between the patients in the 
study of Jacobson et al” and ours was 
the early age at which their affected 
males already had considerably de- 
creased visual acuity. Furthermore, all 
our patients but three had a severe 
myopia, ranging between —5 and —15 
D, a finding that was absent in the 
patients described by Jacobson et al.” 
In addition, they found normal red- 
green matches on the anomaloscope in 
four of nine patients (with visual acu- 
ities ranging from 20/25 to 20/50), de- 
spite the fact that three of these pa- 
tients “missed most red-green plates” 
of the AO-Hardy-Rand-Rittler test. In 
our family, the pseudoprotanomaly 
was obvious in all affected males (three 
patients were unable to obtain a 
match). Pseudoprotanomaly was even 
noticed before the onset of visual dete- 
rioration in our patients 1 through 4 
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and 10. Last, Jacobson et al’ found 
fundus abnormalities and ERG abnor- 
malities in some female carriers, 
whereas these were normal in our car- 
rier population. In the family de- 
scribed by Jacobson et al,” close link- 
age with an X-linked DNA marker 
(DSX 84[754]) has been reported.” 
Reichel and coworkers’ recently re- 
ported a small family with X-linked 
cone degeneration with predominant 
ERG loss of red cone function in the 
index case, his mother, and a maternal 
aunt, and a 6.5-kilobase deletion in the 
red cone pigment gene. Color vision 
was tested only with the Farnsworth 
D-15 panel, showing a protan defect in 
the 15-year-old index case with a visual 
acuity of 20/30 and in his 42-year-old 
mother. To make a comparison possi- 
ble, we performed additionally a simi- 
lar ERG measurement to that of Rei- 
chel et al” in our patient 4. Moderately 
impaired cone-mediated responses 
were found with a similar loss of ampli- 
tude for both the long-wavelength (585 
nm, orange) and short-wavelength 
(505 nm, blue-green) flashes. This ob- 
servation is different from the finding 
of Reichel and colleagues” of a predom- 
inant loss of amplitude to the long- 
wavelength stimuli in the propositus 
and his mother. From these compari- 
sons with previous published reports 
of families with an X-linked progres- 
sive cone dystrophy, we believe that 
the disorder in our large family may 
represent an as yet undescribed form 
of X chromosomally inherited cone 
dystrophy, although a more definite 
answer awaits the results of molecular 
genetic studies that are under way. 


This work was supported in part by the Nether- 
lands Foundation for Prevention of Blindness, 
Amsterdam. 

The authors are indebted to Professors V. C. 
Smith and J. Pokorny, Eye Research Laborato- 
ries, University of Chicago (Ill), for helpful 
discussions. 
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Familial Trigeminal Anesthesia 


Cheryl L. Keys, MD; Joel Sugar, MD; Mahmood F. Mafee, MD 


è Familial congenital trigeminal anes- 
thesia as an isolated abnormality is an 
unusual disorder. To our knowledge, 
only one family has previously been re- 
ported. We report here a family with three 
affected members demonstrating facial 
anesthesia, bilateral corneal changes, 
and nasal septal damage secondary to 
self-traumatization. Magnetic resonance 
imaging demonstrated hypoplasia of 
gasserian ganglia and trigeminal nerves 
in the affected father of two affected 
sons. The pathogenesis of this disorder 
appears to be congenital hypoplasia of 
the trigeminal nerves and gasserian gan- 
glia that is inherited in a dominant 
fashion. 

(Arch Ophthalmol. 
1723) 


1990;108:1720- 


To our knowledge, approximately 46 
cases of congenital trigeminal anes- 
thesia (CTA) have been reported. Ro- 
senberg summarized the literature 
and divided all reported cases into 
three groups based on associated neu- 
rologic and systemic anomalies. Group 
1 consisted of patients with CTA alone, 
with no evidence of any other neuro- 
logic abnormalities. Typically in this 
group, only the first division of the 
fifth nerve was involved. Patients in 
group 2 had CTA in conjunction with 
other congenital mesenchymal anoma- 
lies, including Goldenhar and Moebius 
syndromes. The third group of pa- 
tients had CTA without somatic mal- 
formations but with associated focal 
brain-stem abnormalities. Of the cases 
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in group 1, half occurred in individuals 
with no family history of the disease. 
The remainder of the cases occurred in 
a single extended family in which 13 of 
25 family members had a unilateral or 
bilateral decrease in corneal sensation, 
without other trigeminal or neurologic 
abnormalities.” 

Isolated CTA has been presumed to 
be secondary to hypoplasia of the tri- 
geminal nerve and/or its nuclei. To 
date, however, no autopsy specimens 
have been available from patients of 
group 1 to support this theory. We 
describe here a family, including a 
father and two sons, each of whom 
exhibited trigeminal anesthesia. In the 
father, these clinical findings were cor- 
related with a magnetic resonance im- 
aging scan that clearly demonstrated 
the hypoplastic state of his trigeminal 
nerves and gasserian ganglia. We be- 
lieve that this is the first reported case 
of group 1 CTA in which the underly- 
ing pathologic factors responsible for 
the clinical findings have been deter- 
mined. Moreover, in this family, the 
distribution of cases and the complete- 
ness of the pedigree are consistent 
with the dominant inheritance of a 
genetic defect as the cause of the CTA. 
There is no consanguinity in this fam- 
ily. This pattern of inheritance appears 
to confirm the findings of Purcell and 
Krachmer’ that implicated a possible 
genetic component to the disease. 


REPORT OF CASES 


CASE 1.—A 3-year-old white male boy 
was referred for consultation to the Univer- 
sity of Illinois Eye Center, Chicago, be- 
cause of a 4- to 5-month history of bilateral 
corneal ulcers unresponsive to treatment. 
He had a 1-year history of “dry” eyes, but 
was otherwise healthy. On initial presenta- 
tion, bilateral dense central corneal ulcers 
were observed, with a hypopyon in the left 
eye (Fig 1). Corneal and midfacial sensation 
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were diminished bilaterally, as determined 
by light touch and pinprick. Schirmer test- 
ing without topical anesthetic revealed de- 
creased but not absent tear production. The 
motility and posterior segment examination 
results were normal. The child was hospi- 
talized and required topical antibiotics, lu- 
bricants, punctal occlusion, medial and lat- 
eral tarsorrhaphies, and finally, temporary 
central tarsorrhaphy to heal the epithelial 
defects. Dense corneal scarring subse- 
quently developed but the patient recov- 
ered a visual acuity of 20/50 OU. At the 
time of initial presentation he demonstrated 
ulceration of his nasal septum, with loss of 
much of his septal cartilage. This responded 
intermittently to the use of lubricating oint- 
ments and prevention of self-traumatiza- 
tion. Results of laboratory studies, includ- 
ing uric acid measurements, were normal. 
Response to intradermal histamine was 
normal. 

CASE 2.—The 8-year-old half-brother 
(same father) of patient 1 was also exam- 
ined. A nonspecific history of red eyes was 
given, starting at age 3.5 years. The moth- 
er noted that the child would often get sand 
in his eyes while playing, without complain- 
ing. He also demonstrated diminished mid- 
face, forehead, and corneal sensation as 
determined by light touch, pinprick, and 
temperature. Schirmer testing without an- 
esthetic showed reduced tear production 
bilaterally. He also had been delayed in 
growth and development. Subsequently, 
this child also developed progressive bilat- 
eral epithelial breakdown of his corneas 
requiring bilateral partial tarsorrhaphies. 
In August 1988 he again presented with a 
central corneal ulcer and hypopyon that was 
not responsive to antibiotic ointments and 
patching. After a temporary suture tarsor- 
rhaphy was placed, the defect reepithelia- 
lized in 3 days. 

CASE 3.—The 34-year-old father of both 
boys had a similar history. He experienced 
recurrent corneal ulcers in his left eye 
beginning at age 3 years. At age 12 years, 
he underwent lateral tarsorrhaphies in both 
eyes. He subsequently underwent two sur- 
gical procedures to repair a collapsed nasal 
septum. At examination, his visual acuity 
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was 20/40 OD and counting fingers at 2 ft in 
the left eye. Examination of his corneas 
showed a diffusely irregular epithelial sur- 
face with punctate defects only in the right 
eye, but diffuse stromal scarring and associ- 
ated superficial vascularization in the left 
eye. Schirmer testing revealed reduced 
tear production in both eyes. His nasal 
septum was also perforated. Intradermal 
histamine response was normal. Neurologic 
examination revealed absent sensation to 
light touch, pinprick, and temperature in a 
modified V-1 and V-2 pattern (Fig 2). The 
hard palate and superior portion of the 
tongue were also numb. The remaining 
cranial nerves were intact and further sen- 
sory examination results were normal, as 
were deep tendon reflexes. Additionally, no 
motor abnormalities could be elicited. An 
electromyogram of his right sural, median, 
and ulnar nerves showed normal conduc- 
tion. Magnetic resonance imaging revealed 
bilaterally hypoplastic trigeminal nerves 
and gasserian ganglia (Figs 3 through 5). 

An additional 17 family members were 
examined. The pedigree is diagrammed in 
Fig 6. Except for anterior pyramidal cata- 
racts in the sister of patient 2, and mildly 
decreased facial and corneal sensation in a 
cousin of the same child, all eye examina- 
tions showed normal findings. 


COMMENT 


Congenital trigeminal anesthesia has 
been reported both as an isolated neu- 
rologic defect and in association with 
other congenital abnormalities. The 
manifestation of this defect can be 
unilateral or bilateral, can involve one 
or more branches of the trigeminal 
nerve, and can be genetically sporadic 
in occurrence or show a familial inheri- 
tance pattern. 

Nine of 10 of the reported group 1 
and genetically sporadic cases were 
bilateral, and four of 10 had normal 
facial sensation, implying involvement 
of the nasociliary branch of V-1 alone. 
Of the six patients with abnormal facial 
sensation, five had involvement only of 
the ophthalmic branch of the nerve, 
while one had decreased sensation 
over both the V-1 and V-2 derma- 
tomes.’ 

In the family described by Purcell 
and Krachmer, seven of 13 family 
members had unilateral decreased cor- 
neal sensation to touch, while the re- 
maining six had bilateral involvement. 
The abnormalities were confined to the 
cornea only, with normal facial sensa- 
tion in all 13 subjects. In this family, 
the proportion of bilateral corneal 
hypesthesia increased in successive 
generations. One of five patients in 
the F-1 generation exhibited bilateral 
hypesthesia, compared with only three 
of five in the F-2 and two of three in 
the F-3 generation. While this overall 
pattern of inheritance is consistent 
with autosomal dominant transmission 
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Fig 1.— Initial presentation with bilateral corneal ulcers and erosion of the nasal septum (case 1). 





Fig 2.—Hatch marks represent the distribution of absent sensation to light touch, pinprick, and 
temperature (case 3). 


with incomplete penetrance, the gen- 
erational increase in the proportion of 
bilateral defects is not explained by 
conventional patterns of inheritance. 
The three family members described 
here demonstrate both bilateral corne- 
al involvement and bilaterally de- 
creased facial sensation in the ophthal- 
mic and maxillary distribution of the 
trigeminal nerve. They all also demon- 
strate nasal septal collapse from self- 
traumatization. Examination of 20 
family members of three generations 
revealed that the first occurrence of 
the abnormality was in case 3, indicat- 
ing that this case could represent a 
novel mutational event. Furthermore, 
two of patient 3’s four offspring (both 
boys) were similarly affected. One 


male and one female child showed no 
manifestations of the disorder. Pa- 
tients 1 and 2 had different mothers; 
while only one of the mothers was 
examined and found to be normal, the 
other was unaffected by history. 
Therefore, as in the report by Purcell 
and Krachmer,* this pattern of inheri- 
tance is most consistent with autoso- 
mal dominant transmission with in- 
complete penetrance. 

The origin of CTA when found as an 
isolated defect has previously eluded 
determination. Follow-up of previously 
described patients of group 1 has not 
been reported in the literature. Pre- 
sumably the neurologic abnormality 
was not determined at autopsy or the 
patients were unavailable for follow- 
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Fig 3.—Left, Axial T,-weighted (600/20) magnetic resonance scan showing the cisternal component of trigeminal nerves 
(arrows) in anormal subject. Center, Proton-weighted (2000/20) magnetic resonance scan, taken almost at the same level 
as figure at left, showing no definite trigeminal nerves (case 3). Right, Axial proton-weighted (2000/20) magnetic resonance 
scan, taken 3 mm above the figure at center, showing what appears to be hypoplastic trigeminal nerves (arrows) (Case 3). 
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Fig 4.—Left, Coronal proton-weighted (2000/20) magnetic resonance scan showing the cisternal component of trigeminal 
nerves (arrows) in a normal subject. Right, Coronal proton-weighted (2000/20) magnetic resonance scan showing very 
small cisternal component of trigeminal nerves (arrows) (case 3). 
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Fig 5.—Left, Sagittal T -weighted (1000/25) magnetic resonance scan showing the trigeminal nerve (arrow) and 
gasserian ganglion (curved arrow) in a normal subject. Center, Sagittal T, -weighted (600/25) magnetic resonance scan, 
taken almost at the plane of figure at left, showing poor visualization of the right trigeminal nerve and gasserian ganglion in 
this patient with altered function of bilateral trigeminal nerves (case 3). Right, Sagittal T,-weighted (600/25) magnetic 


resonance scan of the left cerebellopontine angle region shows poor visualization of the left trigeminal nerve and 
gasserian ganglion (case 3). 
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Fig 6.— The pedigree of the reported cases. Cases 1, 2, and 3 are labeled. 


up. However, pathologic specimens 
from patients with CTA in association 
with other congenital mesenchymal 
anomalies (group 2) have been de- 
scribed. Goldenhar-Gorlin syndrome 
has been previously associated with 
CTA,’ and Aleksic et al’ reported the 
trigeminal histopathologic features of a 
child with Goldenhar-Gorlin syndrome. 
Clinically, the child had facial hypopla- 
sia, right anophthalmia and anotia, ab- 


normal right facial movement, and de- 
creased right facial sensation. Autopsy 
examination of the brain stem showed 
right unilateral trigeminal nerve agen- 
esis and hypoplasia of the right trigem- 
inal brain-stem nuclei. However, V-1 
and V-2 anesthesia has also been re- 
ported in a patient with Moebius syn- 
drome who, at autopsy, showed no 
evidence of abnormalities of the tri- 
geminal nuclei.’ Thus, findings from 
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patients of group 2 do not allow for an 
unequivocal determination of the ori- 
gins of CTA. 

With the advent of magnetic reso- 
nance imaging we now have the advan- 
tage of more closely examining brain 
structures in living patients; these 
studies were previously limited to 
postmortem examination. Therefore, 
in the present case we have been able 
to search for neural abnormalities in a 
patient of group 1 with CTA. The 
magnetic resonance imaging findings 
in case 3 included hypoplasia of the 
trigeminal nerves and gasserian gan- 
glia, presumably resulting in the V-1, 
V-2, and V-3 anesthesia. 


The findings in this case correlate — 


well with those reported by Aleksic et 
al,’ and tend to unify the causes of 
group 1 and group 2 CTA. 
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Pars Plana Vitrectomy for Acute Retinal 


Detachment in Penetrating Ocular Injuries 


Peter E. Liggett, MD; W. James Gauderman, MS; Carlos M. Moreira, MD; 
William Barlow, PhD; Ronald L. Green, MD; Stephen J. Ryan, MD 


è We studied 41 eyes with acute retinal 
detachment after penetrating ocular trau- 
ma in a retrospective cohort analysis. 
Pars plana vitrectomy was performed in 
28 eyes, while the remaining 13 eyes had 
only primary repair and closure of the 
wound. The two groups differed in the 
type of trauma (more gunshot wounds in 
the vitrectomy group and more blunt 
injuries in the nonvitrectomized group). 
Visual success (visual acuity of 5/200 or 
better) was observed in 10 (37%) of the 
eyes treated by vitrectomy compared 
with one (8%) of the eyes in the nonvi- 
trectomy group. Anatomic success was 
achieved in 21 (75%) of the eyes in the 
vitrectomy group but in only one (8%) of 
those in the nonvitrectomy group. Enu- 
cleation or phthisis was observed in sev- 
en (54%) of the eyes in the nonvitrectomy 
group compared with only five (18%) in 
the vitrectomy group. Significant prog- 
nostic factors for anatomic outcome in 
the vitrectomy group were the location of 
the laceration and the presence of the 
lens. 

(Arch Ophthalmol. 
1728) 


1990;108:1724- 


May clinical series have indicated a 

beneficial effect of pars plana vi- 
trectomy in penetrating ocular inju- 
ries.” The heterogeneity of the types 
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of injuries in these series has made 
clinical comparisons difficult.’°""*” 

Some authors report successful out- 
comes in certain penetrating ocular 
injuries without the use of pars plana 
vitrectomy, ie, intraocular foreign bod- 
ies, anterior segment injuries, pene- 
trating as well as nonpenetrating inju- 
ries of the globe, and blunt non- 
penetrating injuries of the globe.” In- 
deed, the question of whether pars 
plana vitrectomy is useful in these 
types of injuries has been raised in two 
recent series.“ Other series have 
challenged the efficacy of vitreous sur- 
gery in ocular trauma.” 

Severely traumatized eyes with reti- 
nal detachment, vitreous hemorrhage, 
and poor initial visual acuity have 
the worst prognosis. ™™™®®"" We per- 
formed a retrospective cohort study to 
determine the usefulness of pars plana 
vitrectomy in the management of acute 
retinal detachment associated with 
penetrating ocular injuries. 


PATIENTS AND METHODS 


We reviewed the hospital records of 476 
patients (487 eyes) who suffered penetrat- 
ing ocular injuries and underwent primary 
surgical repair at the Los Angeles Coun- 
ty/University of Southern California Medi- 
cal Center (Los Angeles) from July 1980 
through December 1986. Retinal detach- 
ment within 8 days of the primary injury 
was identified in 76 (16%) of the eyes. 
Excluded were eyes that underwent a pri- 
mary repair elsewhere, had no light percep- 
tion on initial examination, underwent 
primary enucleation, had a retained intra- 
ocular foreign body, were operated on pri- 
marily for infectious complications of the 
injury, had a history of ocular disease or 
reduced vision, had no follow-up, or had a 
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poorly documented retinal detachment. Of 
the 76 eyes with retinal detachment, 41 (40 
patients) passed the above exclusion crite- 
ria. Complete ophthalmologic examinations, 
including indirect ophthalmoscopy, _ bio- 
microscopy, and echography if indicated, 
were performed on all patients preoper- 
atively. The retinal detachment was docu- 
mented by an experienced echographer 
(R.L.G.) in 38 eyes and was observed at the 
time of initial repair in three eyes. 

All patients were candidates for vitreous 
surgery on the basis of retinal detachment, 
vitreous hemorrhage, and/or tissue incar- 
ceration. Twenty-eight (68%) of the pa- 
tients had pars plana vitrectomy. Thirteen 
patients did not return in a timely manner 
for surgery, and their eyes were deemed 
inoperable on their next follow-up examina- 
tion on the basis of one of the following 
criteria: (1) phthisis, (2) no light perception, 
or (3) fixed closed funnel detachment deter- 
mined by the staff surgeon. 

Preoperative information was collected 
on the following factors: (1) cause of the 
accident, (2) type of trauma (ie, sharp, 
blunt, or gunshot), (3) initial visual acuity, 
(4) length and type of laceration, (5) posteri- 
or extent of laceration, (6) type of tissue 
incarceration (if any), (7) presence or ab- 
sence of the lens, (8) percentage of hy- 
phema, and (9) presence of vitreous hemor- 
rhage. The mean follow-up for all patients 
was 4.3 months (range, 7 days to 
15 months), with a mean of 4.7 months for 
the patients who underwent vitrectomy and 
2.5 months for those who did not. The 
outcomes recorded at the final visit were 
visual success (5/200 vision or better) or 
failure, anatomic success (retinal reattach- 
ment) or failure, and whether the eye was 
enucleated or had become phthisical. 

To test whether the vitrectomy and non- 
vitrectomy groups differed with respect to 
preoperative and outcome factors, x” tests 
of association were performed. Relative 
risks relating vitrectomy status to the final 
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Table 3.—Preoperative Factors vs Vitrectomy Status 


Table 1.—Cause of Penetrating Injury 


No. (%) 
ee TY 
Vitrectomy Nonvitrectomy 
Group Group 
Cause (N = 28) (N = 13) 
Assault 20 (71) 11 (85) 
Accident 8 (29) 2 (15) 










Nonvitrectomy Group 
(N = 13) 
29.1 + 10.01 


Vitrectomy Group 
(N = 28) 
Age, y (mean + SD) 30.5 + 13.90 


Sex, No. (%) 
M 23 (82) 11 (85) : 

a 

j 


s ~ $ 
ake Ta os 8 3 





F 5 (18) 2 (15) 
Initial visual acuity 
>5/200, No. (%) 5 (18) 2 (15) 
Lens absent, No. (%) 5 (18) o (0) : 


Laceration length, No. (%) 
<10 mm 


10-19 mm 
>20 mm 

Laceration type, No. (%) 
Corneal 
Corneoscleral 
Scleral 





2/12 (17) 


13/26 (50) 
6/12 (50) T 
j 


10/26 (38) 


3/26 (12) 4/12 (33) 


Table 2.—Type of Penetrating Injury * 
) 


No. (% 
————oOoq OF 
Vitrectomy Nonvitrectomy 

Group Group 
(N = 27) (N = 13) 


3/27 (11) 1 (8) / 
11/27 (41) 10 (77) - 
13/27 (48) 2 (15) 


Type of 
Injury 













* Statistically significant difference in distributions 
of injury type between vitrectomy and nonvitrectomy 
groups (P < .005). 


outcomes were also computed. When appro- 
priate, the Mantel-Haenzel test was used to 
control for preoperative differences be- 
tween the groups.” Possible prognostic fac- 
tors for successful outcome in patients who 
underwent vitrectomy were investigated, 
again with the use of x” tests of association. 
All statistical tests were performed at the 
.05 significance level (two-sided). 

Pars plana vitrectomy was performed by 
means of a three-port split-function aspira- 
tion-cutting system in all cases. The goals of 
vitrectomy were to clear media opacities, 
including damaged lens material and vitre- 
ous blood, to relieve vitreous traction on 
the retina, to free or excise incarcerated 
tissue, and to identify any retinal breaks. 
Thermal adhesion was applied surrounding 
the breaks with either endolaser photocoag- 
ulation or cryopexy. Undamaged lenses 
were not removed unless there was 
(1) persistent hyphema that could not be 
irrigated from the anterior chamber, 
(2) anterior incarceration of tissue, or 
(3) unrelieved vitreous traction that could 
not be approached otherwise. All vitreous 
was removed up to the vitreous base. The 
anterior hyaloid was removed with the use 
of high suction from the extrusion needle, 
or a pick if necessary, to remove attach- 
ments of the posterior hyaloid over the 
posterior pole. All eyes had encircling ele- 
ments to support any peripheral breaks and 
to support unrelieved vitreous base trac- 
tion. A 20% mixture of sulfur hexafluoride 
gas and air was used to fill the eye at the 
end of the procedure to tamponade the 
retina temporarily. 


RESULTS 


The injuries in both groups occurred 
primarily in young men. Roughly three 
quarters of the injuries in each group 
were caused by assault, while the re- 
mainder were the result of accident 
(Table 1). Although the two groups 
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No. (%) 
Incarceration of vitreous, No. (%) 
Incarceration of retina, No. (%) 
Hyphema => 50%, No. (%) 


were similar in cause, the distribution 
of trauma types was significantly dif- 
ferent between the groups (P<.005) 
(Table 2). Specifically, 18 eyes (48%) in 
the vitrectomy group experienced gun- 
shot wounds compared with none in 
the nonvitrectomy group. Blunt trau- 
ma caused penetrating injury for 
ten eyes (77%) in the nonvitrectomy 
group, but for only eight (30%) in the 
vitrectomy group. 

All eyes studied had vitreous hemor- 
rhage. The size and location of the 
laceration, absence of the lens due to 
injury, presence of incarcerated tis- 
sues, amount of hyphema, and initial 
visual acuity were not significantly dif- 
ferent between the two study groups 
(Table 3). 

Table 4 and the Figure present the 
outcomes for the vitrectomy and non- 
vitrectomy groups. The rate of visual 
success for the vitrectomy group (37%) 
was higher than that for the nonvitrec- 
tomy group (8%, P=.052). The rela- 
tive odds of visual success for the 
vitrectomy group was 4.8 times that 
for the nonvitrectomy group (95% con- 
fidence limits, 0.7 to 33.7; Table 4). 
The vitrectomy group also demon- 
strated a substantially higher rate of 
anatomic success (75%) than did the 
nonvitrectomy group (8%, P<.0001). 
The relative odds of anatomic success 
for the vitrectomy group was 9.8 times 
that for the nonvitrectomy group (95% 
confidence limits, 1.5 to 64.9). Finally, 
the rate of enucleation or phthisis in 
the vitrectomy group (18%) was signif- 
icantly lower than that in the nonvi- 


Sharp object 6 (22) 3 (23) Posterior to rectus 
Blunt object 8 (30) 10 (77) laceration, No. (%) 12 (43) 6 (46) 
Gunshot 13 (48) O (0) Incarceration of uvea, 


18 (64) 9 (69) 
18 (64) 8 (62) 

9 (32) 4 (31) 
12 (43) 4 (31) 





trectomy group (54%, P=.02). 

To determine if the type of trauma 
accounted for the outcome difference 
in the two groups, we statistically ad- 
justed for this variable by means of the 
Mantel-Haenzel test. The association 
between vitrectomy and visual success 
became less significant (P = .09), as did 
the association between vitrectomy 
and enucleation or phthsis (P=.06). 
However, adjusting for trauma-type 
differences did not affect the anatomic 
outcome results reported above. 

Selection bias may have occurred in 
the 15 patients who received vitrec- 
tomy 15 days or later after the injury, 
as these patients may have had vitrec- 
tomy because of a better prognosis. To 
determine if this was a factor, we 
further analyzed the data to in- 
clude the patients in the nonvitrec- 
tomy group (n=13) and those who 
underwent vitrectomy within 14 days 
(n=10). The rate of visual success in 
the 10 patients who underwent vitrec- 
tomy was 40%, compared with 8% for 
those in the nonvitrectomy group 
(P=.06). The rate of anatomic success 
in these patients who underwent vi- 
trectomy was 80%, while it was only 
8% for those in the nonvitrectomy 
group (P<.001). The rate of enucle- 
ation or phthisis in these patients in 
the vitrectomy group was 10% com- 
pared with 54% for those in the nonvi- 
trectomy group (P=.03). The outcome 
rates for this subject-reduced vitrec- 
tomy group were comparable with 
those for the entire vitrectomy group 
(Table 4) and still reflected significant- 
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P<.0001 





Enucleation 
or Phthisis 


Outcome rates for the vitrectomy (blue bars; 
n=28) and nonvitrectomy (black bars; 
n= 13) groups. 


Anatomic 
Success 


Visual 
Success 


ly different rates for vitrectomy com- 
pared with nonvitrectomy group sub- 
jects. 

We compared the outcome rates be- 
tween patients who had vitrectomy 
within 14 days of injury and those 
operated on 15 or more days after 
injury to investigate whether there 
was a difference in the two groups. 
The rates of visual success for 0 to 14 
and 15 or more days after injury were 
40% and 33%, respectively. The rates 
of anatomic success were 80% and 
73%, respectively, and the rates of 
enucleation or phthisis were 10% and 
27%, respectively. Thus, patients re- 
ceiving later vitrectomies seemed to do 
slightly worse than patients receiving 
early vitrectomy, but not significantly 
so (Table 5). 

Table 6 shows the outcomes for the 
subset of 34 eyes (23 in the vitrectomy 
group and 11 unoperated on) with the 
poorest initial visual acuity (5/200 or 
worse). Visual success was obtained in 
seven eyes (30%) in the vitrectomy 
group but in none of the eyes in the 
nonvitrectomy group (P=.04). Also, 
there was still a significantly higher 
anatomic success rate in the vitrec- 
tomy group (74%) than in the nonvi- 
trectomy group (10%, P<.0001). 

The entire vitrectomy group 
(n=28) was studied further to ascer- 
tain whether any preoperative factors 
were predictive of final outcome status 
(Table 7). No statistically significant 
predictive factors were found for visu- 
al success. However, the anatomic suc- 
cess rate in eyes with a lens present 
(83%) was significantly higher than the 
success rate in eyes in which the lens 
was missing due to the initial injury 
(40%, P<.05). 

Interestingly, in this series of pa- 
tients, those with a laceration exclu- 
sively in the sclera had an anatomic 
success rate of 100%, significantly 
higher (P<.01) than the rate in those 
with a laceration in the cornea alone 
(83%) or in both the cornea and sclera 





Vitrectomy 
Group 
(N = 28) 
10/27 (37) 

21 (75) 
5 (18) 





Visual success 
Anatomic success 
Enucleation of phthisis 








Table 4.—Outcomes for All Patients Soe 


No. (%) 
————— | 











Nonvitrectomy 
Group 
(N = 13) 






Relative Odds 
(95% Cl)* 
















1 (8)t 4.8 (0.7, 33.7) 
1 (8) 9.8 (1.5, 64.9) 
7 (54)§ 0.3 (0.1, 0.8) 





*The relative odds of the vitrectomy group having the outcome of interest, compared with the nonvitrectomy 


group. Cl indicates confidence interval. 


tMarginally higher rate of visual success for the vitrectomy group compared with the nonvitrectomy group 


(P = .052). 


¢ Significantly higher rate of anatomic success for the vitrectomy group compared with the nonvitrectomy group 


(P < .0001). 


§ Significantly lower rate of enucleation or phthisis for the vitrectomy group compared with the nonvitrectomy 


group (P = .02). 


Table 5.—Visual and Anatomic Success Rates Based on Time From Injury 
to Vitrectomy Surgery 


No. (%) 


LLB ‚A 


Visual Success 
4 (40) 
2 (25) 
3 (43) 





Enucleation 


Anatomic Success or Phthisis 
8 (80) 
5 (63) 


6 (86) 


* Information of the time of vitrectomy was unavailable for three patients. 





Vitrectomy 
Group 
(N = 23) 


7 (30) 
17 (74) 
5 (22) 





Visual success 
Anatomic success 
Enucleation or phthisis 





Table 6.—Outcomes for Patients With Initial Visual Acuity of 5/200 or Less 


No. (%) 
o_O, 











Nonvitrectomy 



















Group Relative Odds 
(N = 11) (95% Cl)* 

O (0)t iia 

1 (9)4 8.1 (1.2, 53.5) 
5 (45) 0:5 (0.2, 1.3) 





* The relative odds of the vitrectomy group having the outcome of interest, compared with the nonvitrectomy 


group. Cl indicates confidence interval. 


tSignificantly higher rate of visual success for the vitrectomy group compared with the nonvitrectomy group 


(P = .04). 


¢ Significantly higher rate of anatomic success for the vitrectomy group compared with the nonvitrectomy group 


(P < .0001). 


(55%). We analyzed the data further to 
determine whether other preoperative 
factors were confounding these re- 
sults. Specifically, we looked at the 
distribution of all preoperative factors 
(Table 7) for those with only scleral 
lacerations compared with those with 
corneal or corneoscleral lacerations. 
We were interested in determining if 
there were differences between the 
two groups to explain the better out- 
come of the scleral laceration group. 
However, we found no significant dif- 
ference between the two groups for 
other preoperative factors. Patients 
who had retinal incarceration also had 
a better outcome, although this result 
was not statistically significant. When 
we repeated the above analyses, none 
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of the other preoperative factors dif- 
fered significantly between those with 
and those without retinal incarcera- 
tion. 


COMMENT 


Pars plana vitrectomy may salvage 
many eyes with severe injuries involv- 
ing the posterior segment by prevent- 
ing the late complications related to 
subsequent vitreous traction develop- 
ment. *™*" Removal of the vitreous re- 
moves the scaffold for fibrocellular 
proliferation leading to traction and 
subsequent late retinal detachment. ”” 
Removal of blood and its breakdown 
products may also decrease the stim- 
ulus for fibrocellular proliferation.” 
Clearing of media opacities, including 
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‘Table 7.—Preoperative Factors vs Visual and Anatomic Outcom 
. in the Vitrectomy Group 


No. (%) 
————————————————————————————— 
Visual Anatomic Enucleation 


Preoperative Factor Success* Success or Phthisis 


Injury cause 
Accident 4 (50) 7 (88) 
Assault 6/19 (32) 14 (70) 


Injury type 
Sharp object 2 (33) 5 (83) 


Blunt object 3 (38) 6 (75) 
Gunshot 5/12 (42) 10 (77) 


~ Initial visual acuity 
=5/200 7 (30) 17 (74) 


>5/200 3/4 (75) 4 (80) 


Lens 
Present 9/22 (41) 19 (83) 


Absent 1 (20) 2 (40)t 


Laceration length, mm 
<10 7 (54) 11 (85) 


10-19 2 (20) 7 (70) 
= 20 1 (33) 1 (33) 


Laceration type 
Corneal 1 (33) 1 (33) 


Corneoscleral 2 (18) 6 (55) 
Scleral 7/12 (58) 13 (100)+¢ 


=- Posterior to rectus 
laceration 
Yes 


6/15 (40) 12 (75) 


Uvea incarcerated 
Yes 


5 (28) 13 (72) 


No 5/9 (56) 8 (80) 


Vitreous incarcerated 
Yes 


7 (39) 14 (78) 


No 3/9 (33) 7 (70) 


Retina incarcerated 


Yes 4/8 (50) 7 (78) 


No 
Hyphema, % 


6 (32) 14 (74) 


5 (42) 9 (75) 





5/15 (33) 12 (75) 


*The visual outcome for one patient was missing. 


tSignificantly higher anatomic success rate for subjects with lens present compared with those missing lens 


due to injury (P < .05). - 


Significantly higher anatomic success rate for scleral lacerations only compared with corneal and corneo- 


scleral lacerations (P < .01). 


§ Significantly lower enucleation /phthisis rate for scleral lacerations only compared with corneal and corneo- 


scleral lacerations (P < .05). 


damaged lens material and vitreous 
hemorrhage, allows identification and 
treatment of retinal breaks and ana- 
tomic reattachment of the retina.*”* 
Visual loss due to penetrating ocular 
injury has become the leading cause of 
monocular visual loss.“ The recovery 
of an eye from penetrating ocular inju- 
ry depends on three factors: (1) the 
extent of the initial damage, (2) the 
efficacy of treatment, and (3) the satis- 
factory management of complications.” 
The advent of microsurgical tech- 
niques to achieve a watertight wound 
closure has improved the visual out- 
come of eyes with anterior segment 
injuries.” However, eyes that have 
involvement of the posterior segment, 
especially eyes with severe injuries 
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having retinal detachment, vitreous 
hemorrhage, and poor vision, continue 
to have poor results despite the use of 
these microsurgical techniques.” 
Previous studies using pars plana vi- 
trectomy have indicated a_ beneficial 
effect in ocular trauma.” These stud- 
ies have included many types of inju- 
ries, including ones that may have a 
good prognosis without the use of pars 
plana vitrectomy, ie, small intraocular 
foreign bodies, complex cataract, and 
corneal lacerations.” A recent case- 
controlled study called into question 
the value of vitrectomy in severe pene- 
trating injuries of the eye.” 

In this report we focused on those 
eyes that suffered acute retinal detach- 
ment after injury. Eyes with retinal 


detachments after penetrating injury 
are considered to have a very poor 
prognosis.” These eyes all were associ- 
ated with vitreous hemorrhage and 
required vitrectomy to achieve reat- 
tachment of the retina. Our results 
support the role of pars plana vitrec- 
tomy for secondary repair in eyes with 
penetrating ocular injury associated 
with acute retinal detachment. 

There was a difference in the trauma 
types between the vitrectomy (more 
gunshot) and nonvitrectomy (more 
blunt) groups. However, both types of 
injuries are associated with a poor 
prognosis. ™™ When trauma type was 
statistically corrected for in the two 
groups, a benefit was still found for the 
use of pars plana vitrectomy, but it 
was less significant. From this study 
we were unable to determine which 
type of injury might be associated with 
a more successful outcome in patients 
who underwent vitrectomy. 

In our analysis of the vitrectomy 
group for other factors reported to 
be associated with a good visual out- 
come, ie, size and type of laceration, 
presence of lens or incarcerated tissue, 
amount of hyphema, and initial visual 
acuity, there were no significant find- 
ings." However, absence of the 
lens due to injury was associated with 
a much poorer anatomic outcome. 
Those eyes that lose the lens from the 
initial injury often may have a signifi- 
cant choroidal hemorrhage and there- 
fore a poorer result.” 

Additionally, scleral wounds had a 
significantly better anatomic result 
and less enucleation or phthisis than 
either corneal or corneoscleral lacer- 
ations. This unexpected result may be 
attributable to small sample sizes, or it 
may suggest that preoperative prog- 
nostic factors in and of themselves may 
not be entirely predictive of the even- 
tual outcome and that intraoperative 
factors may also be important. 

Timing of vitreous surgery after 
penetrating ocular injuries is still a 
subject of debate. Coleman” demon- 
strated success with surgery per- 
formed within 72 hours of injury. Fac- 
tors favoring early intervention would 
be the prompt removal of the vitreous 
scaffold, blood, and its breakdown 
products that stimulate fibrocellular 
proliferation.™ Animal models have 
demonstrated early fibrocellular prolif- 
eration and subsequent traction de- 
tachment as early as 1 week after 
injury.” A major complication in ear- 
ly vitrectomy may be uncontrolled vit- 
reous hemorrhage. Delaying the sec- 
ondary repair 4 to 14 days, or longer, 
may allow performance of additional 
diagnostic testing, such as sensory 
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wiu m 


_...testing,... ultrasonography, -computed 


tomography or magnetic resonance im- 
aging, and electroretinography. Sepa- 
ration of the posterior cortical vitreous 
may also occur from the retinal surface 
during this time, making the surgery 
technically easier.*’* Although we do 
have a bias toward selection of the 
more severe cases, ie, blunt and gun- 
shot injuries, for later surgery, we 
were unable to demonstrate a signifi- 
cant benefit of delayed surgery in this 
study, possibly due to small sample 
sizes. 

It was our purpose to evaluate the 
use of pars plana vitrectomy in acute 
retinal detachment after penetrating 
ocular injuries. These eyes are consid- 
ered to have the worst prognosis, ie, 
retinal detachments, vitreous hemor- 
rhage, and poor initial vision. This 
study supports the premise that the 
final outcome of such eyes is improved 
in terms of better vision, anatomic 


_ Success, and less enucleation and 


phthisis, through the use of par plana 
vitrectomy. Because of the initial dam- 
age to the eye, ie, macula and optic 
nerve, visual success in many of these 
eyes may not be possible despite 
achievement of anatomic success. 

A number of factors may account for 
the results seen in this study. First, 
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we were unable to obtain 6 months of 
follow-up on all of the patients due to 
the nature of our clinical population. 
Although we had a mean of 4.3 months 
of follow-up on all patients and an 
average of 4.7 months on the patients 
in the vitrectomy group, additional fol- 
low-up may have changed the final out- 
come. 

Since this study was retrospective 
and nonrandomized, possible treat- 
ment selection bias may have affected 
our results. The results of this study 
may be explained on the basis of selec- 
tion bias of the 15 patients who under- 
went vitrectomy who had surgery at 
least 2 weeks after injury, since they 
may have been selected for a vitrec- 
tomy only because they had a better 
prognosis. However, if these patients 
were excluded, there was still better 
visual success (P=.06), better anatom- 
ic success (P<.001), and less enucle- 
ation or phthisis (P=.03) in the 10 
remaining patients who had early vi- 
trectomy (Table 5) than in the 13 pa- 
tients in the nonvitrectomy group 
(Table 4). Additionally, outcome rates 
of patients undergoing early and late 
vitrectomy were similar (Table 5), in- 
dicating that this was a fairly homoge- 
neous group for comparison with pa- 
tients who did not undergo nonvitrec- 
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tomy. 

Exact comparison of results with the 
use of pars plana vitrectomy in the 
management of penetrating ocular in- 
jury is difficult due to the many vari- 
ables related to the initial damage, the 
timing of vitreous surgery after the 
injury, and the occurrence and extent 
of secondary complications. Despite 
the inability to control for all the 
variables in this complex setting, our 
results are comparable with those pre- 
viously reported elsewhere.'?**""*" 
A randomized, controlled prospective 
clinical trial would permit the compari- 
son of injuries that were similar in 
type and operated on at differing time 
intervals after injury. Such a trial 
would help answer questions regard- 
ing which injuries may do better with 
vitrectomy and the timing of vitrec- 
tomy in penetrating ocular injuries. 
We believe that pars plana vitrectomy 
and adjunctive procedures offer signif- 
icant advantages in the management of 
acute retinal detachment after severe 
penetrating ocular injuries. 
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Time Course of Thymoxamine Reversal 
of Phenylephrine-Induced Mydriasis 
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Roya Rabbani, MD; David C. Musch, PhD; Jaakko Teikari, MD 


@ We conducted a randomized, dou- 
ble-masked, paired comparison of 0.1% 
thymoxamine vs placebo for the reversal 
of phenylephrine-induced mydriasis. My- 
driasis was induced with 2.5% phenyl- 
ephrine in each eye of 74 subjects (148 
eyes). Each subject then received 0.1% 
thymoxamine in one eye and placebo in 
the other eye. Pupillary measurements 
were obtained at regular intervals during 
the ensuing 8 hours. At all intervals, a 
greater percentage of thymoxamine- 
treated eyes returned to baseline pupil- 
lary diameters compared with placebo- 
treated eyes (P=<.01). For subjects in 
whom both pupils returned to baseline, 
thymoxamine-treated eyes returned to 
baseline in a mean of 2.2 hours, vs 5.2 
hours for placebo (P<.0001). Among thy- 
moxamine-treated eyes, those with light 
irides responded more rapidly than those 
with dark irides, returning to baseline in 
1.6 vs 2.8 hours, respectively (P = .0046). 
After constriction to baseline pupillary 
diameter had been achieved, no patients 
experienced a rebound dilation. 

(Arch Ophthalmol.  1990;108:1729- 
1732) 


T hymoxamine hydrochloride is an a- 

adrenergic blocking agent that 
works by competitive antagonism of 
norepinephrine. Thymoxamine pro- 
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duces miosis with no effect on the 
intraocular pressure, facility of out- 
flow,’ ciliary musculature,” or anterior 
chamber depth.* Thymoxamine has no 
B-blocking or antihistamine effect.” A 
number of uses for thymoxamine have 
been proposed, including evaluation of 
patients with narrow anterior chamber 
angles,’ treatment of acute angle clo- 
sure glaucoma’ and pigmentary glau- 
coma,’ repositioning of dislocated in- 
traocular lenses,” and reversal of 
mydriasis following funduscopic 
examination." 

A recent study evaluated the rever- 
sal of phenylephrine-induced mydriasis 
by 0.1% thymoxamine during a 1-hour 
period.” The investigators found 0.1% 
thymoxamine to be safe and effective 
in reversing the mydriasis of 2.5% 
phenylephrine and noted that eyes 
with light irides were more responsive 
to thymoxamine than eyes with dark 
irides. However, they also observed 
that after 1 hour some light irides 
(20%) and many dark irides (55%) dem- 
onstrated an incomplete response to 
thymoxamine. Furthermore, they did 
not study the length of action of 0.1% 
thymoxamine to determine whether its 
effects outlasted the effects of phenyl- 
ephrine. The duration of effect of thy- 
moxamine is critical since this agent is 
only useful in preventing angle closure 
related to phenylephrine-induced my- 
driasis if it keeps the pupil constricted 
until the phenylephrine effect has com- 
pletely worn off. The purpose of our 
study was to better define the course 
of reversal of phenylephrine-induced 
thymoxamine by 0.1% thymoxamine, 
to record the rapidity and duration of 
its effect, and to evaluate differences 
in effect between different iris pigmen- 
tations during an 8-hour period. 
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MATERIALS AND METHODS 


We performed a randomized, double- 
masked, paired comparison of 0.1% thy- 
moxamine vs placebo (vehicle only) for the 
reversal of phenylephrine-induced mydria- 
sis in 74 normal volunteers (148 eyes). Each 
subject served as his or her own control. 
Thymoxamine was randomly assigned to 
one eye and placebo to the other eye in each 
subject. The study was conducted at the 
Kellogg Eye Center, University of Michi- 
gan, Ann Arbor, and at the Beckman Vision 
Center, University of California, San Fran- 
cisco. The study was approved by the hu- 
man research review committee of each 
institution. Written informed “consent was 
obtained from each subject at the time of 
the initial evaluation. 

The study included 74 subjects, 38 (51%) 
of whom were women and 36 (49%) of whom 
were men. There were 48 subjects (65%) 
with dark irides and 26 subjects (35%) with 
light irides. The mean + SD age of the sub- 
jects was 28 +7 years, with a range from 18 
to 47 years. Pregnant or nursing women 
were excluded from the study. Subjects 
were not allowed to wear contact lenses 
during the study. All subjects had normal 
eyes as determined by a baseline ophthal- 
mic evaluation, including Snellen visual acu- 
ity, slit-lamp examination, applanation to- 
nometry, and funduscopy. 

After the baseline examination was com- 
pleted, baseline pupillary diameters were 
recorded. Pupillary measurements were 
made to the nearest 0.5 mm using the 
reticule of a Goldmann perimeter under 
standard background illumination. One 
drop of 2.5% phenylephrine was instilled 
into both eyes of each subject, followed by a 
second drop of 2.5% phenylephrine in both 
eyes 5 minutes later. Forty minutes after 
the instillation of the second drop of phenyl- 
ephrine, pupil size was recorded and, as 
randomly assigned, 0.1% thymoxamine was 
instilled in one eye and placebo in the other 
eye of each subject. This was considered 
“time 0.” Both the investigators and the 
subjects were masked as to which eye re- 
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Thymoxamine, mm 


Mean * 
SD 


Placebo, mm 
Mean * 


SD 
Differencet 








*The mean pupillary diameter after instillation of thymoxamine/placebo minus the mean diameter before instillation of thymoxamine/ placebo. 


tThe mean change in pupillary diameter in thymoxamine-treated eyes minus the mean change in pupillary diameter in placebo-treated eyes. All comparisons between 
thymoxamine-treated and placebo-treated eyes showed significantly greater constriction in thymoxamine-treated eyes (P < .0001: paired Student's t tests). 


ceived thymoxamine and which eye re- 
ceived placebo. The pupil size of each eye 
was then recorded at !/2, 1, 1'/2, 2, 3, 4, 5, 6, 
7, and 8 hours following instillation of the 
test drops. Applanation tonometry was per- 
formed at 0, 4, and 8 hours. The presence or 
absence of side effects was noted at each 
measurement. In addition, subjects were 
asked to report any side effects occurring 
after completion of the study that they felt 
might be related to the study. 

Follow-up eye examinations were per- 
formed on all participants 1 week after 
completing the study. The data were ana- 
lyzed using paired and independent Stu- 
dent’s t tests and McNemar'’s Test for cor- 
related proportions. Differences were 
considered statistically significant at 
Ps.05. 


RESULTS 


The pupils of thymoxamine-treated 
eyes constricted more rapidly than 
those treated with placebo (Fig 1). 
During the first 30 minutes after instil- 
lation of the study drops, the thymoxa- 
mine-treated eyes constricted a 
mean+SD of 0.6+1.8 mm when com- 
pared with time 0, while the placebo- 
treated eyes continued to dilate 
0.5+0.7 mm (Table 1). At 1 hour, the 
thymoxamine-treated eyes had con- 
stricted 1.1+1.4 mm. The placebo- 
treated eyes had begun to constrict at 
1 hour but were still 0.4+0.7 mm 
larger than at time 0. At 2 hours, the 
thymoxamine-treated eyes had con- 
stricted 1.8+1.1 mm, while the place- 
bo-treated eyes had only constricted 
0.1+0.7 mm (Table 1). At all three 
periods, the differences were statisti- 
eally significant (P<.0001; paired Stu- 
dent’s t tests). After 2 hours, the pupil- 
lary diameter in the thymoxamine- 
treated group continued to decrease, 
remaining equal to or below the base- 
line (predilation) pupillary diameter 
from the 3-hour measurement until the 
end of the study at 8 hours. The place- 
bo groups pupillary diameter con- 
stricted more gradually during the last 
6 hours of the test, not reaching base- 
line until 8 hours. 
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Fig 1.—Mean pupillary diameters over time in thymoxamine- and placebo-treated eyes. Base- 
line pupillary diameters were obtained prior to dilation with 2.5% phenylephrine. Forty minutes 
later (time 0), 0.1% thymoxamine was instilled in one eye and placebo was instilled in the 


opposite eye. Bars indicate one SEM. 


At all intervals, a greater percent- 
age of thymoxamine-treated eyes re- 
turned to baseline pupillary diameters 
compared with placebo-treated eyes 
(P=<.01; McNemar’s Test). At 30 min- 
utes after instillation of the study 
drop, 19 (25.7%) of 74 thymoxamine- 
treated eyes had returned to baseline 
compared with 6 (8.1%) of 74 placebo- 
treated eyes (Fig 2). After 2 hours, 
55.4% of the thymoxamine-treated 
eyes had returned to baseline, while 
only 10.8% of the placebo-treated eyes 
had done so. At 4 hours, these percent- 
ages were 81.1% and 33.8% for the 
thymoxamine- and placebo-treated 
eyes, respectively. At 8 hours, 73 
(98.6%) of 74 eyes in the thymoxamine- 
treated group had returned to base- 
line, compared with 64 (86.5%) of 74 
eyes in the placebo-treated group. 

In 64 patients in whom both pupils 
returned to baseline diameter within 
the 8-hour test period, the thymoxa- 
mine-treated eyes returned to baseline 
pupillary diameter in a mean+SD of 


2.2+1.7 hours. This was significantly 
less than the 5.2+1.9 hours for place- 
bo, (P<.0001; paired Student's t test). 

Within the thymoxamine-treated 
group, eyes with light irides constrict- 
ed faster than those with dark irides 
(Fig 3). At 30 minutes, the eyes with 
light irides had constricted 1.8+1.1 
mm, while those with dark irides re- 
mained unchanged (Table 2) At 1 
hour, eyes with light irides had con- 
stricted 2.3+1.0 mm, while those with 
dark irides had constricted 0.5+1.1 
mm. At 2 hours, the eyes with light 
irides had constricted 2.5+0.8 mm, 
while those with dark irides had con- 
stricted 1.5+ 1.0 mm. At all three peri- 
ods, the differences were statistically 
significant (P<.0001; independent Stu- 
dent’s £ tests). 

In addition, eyes with light irides 
returned to baseline pupillary diame- 
ter faster than those with dark irides. 
Eyes with light irides returned to 
baseline pupillary diameter in 1.6+ 1.7 
hours, compared with 2.8+1.7 hours 
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Table 2.—Change in Pupillary Diameter Over Time in Thymoxamine-Treated Eyes, Light vs Dark Irides 


Light irides (n = 25), 
Mean * 
SD 


Dark irides (n = 49), 
Mean * 


SD 
Differencet 


Time After Instillation of Thymoxamine, h 


4.0 





—0.5|| —0.5]| —0.6§ 


*The mean pupillary diameter after instillation of thymoxamine minus the mean pupillary diameter before instillation. 
+The mean change in pupillary diameter in light irides minus the mean change in pupillary diameter in dark irides. All comparisons between light and dark irides showed 


significantly greater constriction in light irides. 
tP < .001. 
§P< .01. 
||P < .05. 


for eyes with dark irides (P=.0046; 
independent Student's ¢ test). In nine 
patients, seven patients with dark iri- 
des and two with light irides, the pla- 
cebo eye did not return to baseline, 
while the thymoxamine-treated eye 
did. In one patient with light irides, 
neither eye returned to baseline pupil- 
lary diameter. 

Side effects were minimal, consist- 
ing of mild burning, stinging, blurring, 
and tingling. These symptoms were 
reported by 15 subjects (20%). The 
incidence of burning/stinging in the 
thymoxamine-treated eye was signifi- 
cantly higher than in the placebo-treat- 
ed eye (burning/stinging in nine thy- 
moxamine-treated eyes and in two 
placebo-treated eyes [P=.009; McNe- 
mar’s Test]). One subject reported 
moderately heavy eyelids and another 
reported severely red, itching eyes for 
4 days following the study. These 
symptoms occurred equally in both 
eyes and were not believed to be relat- 
ed to thymoxamine since the thymoxa- 
mine was applied to only one eye. 

There were no statistically signifi- 
cant differences between the placebo- 
and thymoxamine-treated groups in 
initial pupil size, intraocular pressure, 
or pupil size following dilation with 
phenylephrine before the placebo or 
thymoxamine was applied. 


COMMENT 


Previous studies have shown that 
thymoxamine can reverse the effects 
of phenylephrine.“ With the excep- 
tion of the study by Relf and asso- 
ciates,’ other studies are not directly 
comparable due to the use of different 
concentrations of phenylephrine and 
thymoxamine. Topically applied thy- 
moxamine has been shown to have a 
minimum effective concentration of 
0.01% and a maximum effective con- 
centration of 1.3%." The occurrence 
and severity of side effects decrease 
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Fig 2.—Percentage of pupils returning to baseline diameters over time in thymoxamine- and 


placebo-treated groups. 
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Fig 3.—Mean pupillary diameter over time in thymoxamine- and placebo-treated groups 
separated by iris color. Baseline pupillary diameters were obtained prior to dilation with 2.5% 
phenylephrine. Forty minutes later (time 0), 0.1% thymoxamine was instilled in one eye and 


placebo was instilled in the opposite eye. 


with lower concentrations of thymoxa- 
mine. Thymoxamine (0.1%) was cho- 
sen for this study because of the com- 
bination of expected efficacy with 
minimal side effects. 


The more rapid response to 0.1% 
thymoxamine in light irides than in 
dark irides, observed in our study and 
the study by Relf and associates,’ had 
not been noted in previous studies that 
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used 0.5% thymoxamine.*” Nonspecif- 
ic pigmentary binding may be respon- 
sible for reducing the available thy- 
moxamine at lower concentrations of 
topically applied thymoxamine.” Dark 
irides may require more than one dose 
or a higher concentration of thymoxa- 
mine to obtain a more rapid and maxi- 
mal effect. 

For thymoxamine reversal of phe- 
nylephrine-induced mydriasis to be ef- 
fective in patients judged susceptible 
to angle closure glaucoma, it would be 
necessary for the thymoxamine effect 
to outlast the phenylephrine effect. In 
the 1-hour observation period in the 
study by Relf and associates’ the 
length of effect could not be fully ad- 
dressed. Indeed, many eyes, particu- 
larly those with dark irides, had not 
returned to their baseline pupillary 
diameters by the end of 1 hour. During 
our longer period of observation, maxi- 
mal effect of phenylephrine in the pla- 
cebo group occurred a mean of 70 
minutes after phenylephrine instilla- 
tion. According to Gambill and asso- 
ciates,” eyes treated with 10% phenyl- 
ephrine were maximally dilated at 70 
minutes and were 90% recovered after 
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5.3 hours. Thymoxamine, on the other 
hand, has a much longer duration than 
phenylephrine. Thymoxamine (0.5%) 
has a half-life of 10 hours.” Given this 
information, it is not surprising that 
our study showed that the effect of 
thymoxamine outlasted that of phenyl- 
ephrine, with no patients’ eyes redilat- 
ing after the initial constriction with 
thymoxamine. 

Pilocarpine has been used in the past 
to constrict the pupil after a dilated 
examination. Saheb et al" compared 
the use of 0.5% thymoxamine with 2% 
pilocarpine for reversing mydriasis in- 
duced by 10% phenylephrine. Both 
agents constricted the pupil to its orig- 
inal size in less than half an hour, with 
thymoxamine taking 19.2 minutes and 
pilocarpine taking 10.2 minutes. The 
half-lives for the disappearance of ac- 
tion of the thymoxamine and pilocar- 
pine were 12.0 hours and 5.3 hours, 
respectively. 

According to Mapstone,” by con- 
stricting the iris sphincter, pilocarpine 
may increase the posterior force vector 
of the iris, thereby increasing relative 
pupillary block. This may contribute to 
angle closure glaucoma. In addition, 
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pilocarpine may cause shallowing of 
the anterior chamber,“ which is of 
concern in patients with anatomically 
narrow angles, 

In our study, 0.1% thymoxamine 
safely and effectively reversed phenyl- 
ephrine-induced mydriasis well beyond 
the duration of the phenylephrine ef- 
fect. After constriction to baseline pu- 
pillary diameter had been achieved, no 
patients experienced a rebound dila- 
tion. Since thymoxamine administra- 
tion does not result in shallowing of the 
anterior chamber or an increase in 
relative pupillary block, and thymoxa- 
mine has a longer duration of action 
than pilocarpine, we believe that thy- 
moxamine is a better agent than pilo- 
carpine for reversing phenylephrine- 
induced mydriasis in patients at risk 
for angle closure glaucoma. 
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interest in thymoxamine or IOLAB Pharma- 
ceuticals. 
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è Vitreous fluorophotometry was per- 
formed on 240 eyes of 120 young sub- 
jects who had insulin-dependent diabe- 
tes mellitus (type |) and various grades of 
retinopathy. The concentration of fluo- 
rescein was measured in the anterior 
chamber and posterior vitreous 1 hour 
after intravenous injection of fluorescein. 
There was a significant association 
(P<.001) between the grade of retinopa- 
thy and the level of posterior vitreous 
leakage. The amount of posterior vitre- 
ous leakage in each eye also had a 
significant association with borderline 
elevation of diastolic blood pressure. 
Subjects with excessive posterior vitre- 
ous leakage had significantly higher lev- 
els of urinary microalbumin excretion. In 
a multiple linear regression analysis for 
posterior vitreous leakage, retinal grade 
consistently entered the model at a sig- 
nificant level (P=<.00001 to .003). Blood 
pressure also entered the model for pos- 
terior vitreous leakage at a significant 
level for retinal grades of the right and 
left eyes and of the worst eye. These 
results demonstrate an association be- 
tween leakage of retinal and renal ves- 
sels, possibly linked at least in part to 
elevation in diastolic blood pressure. 

(Arch Ophthalmol.  1990;108:1733- 
1735) 


WV itreous fluorophotometry (VFP) 
was introduced in 1975 and was 
later standardized as a tool for the 
early detection of diabetic retinopa- 
thy.’ It allows the blood-retinal barrier 
to be assessed in both healthy and 
diseased eyes. Abnormal leakage of 
fluorescein has been described in a 
variety of retinal and optic nerve dis- 
eases.” This frequently occurs before 
angiographically demonstrable retino- 
pathy in subjects with diabetes.” Flu- 
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orescein leakage has also been de- 
scribed as abnormal before clinically 
detectable retinopathy in subjects with 
diabetes (type I or II) who have ele- 
vated fasting serum glucose levels or 
glycosuria.’ Correlation of the stage 
of diabetic retinopathy with posterior 
vitreous leakage (PVL) has been de- 
scribed, even though its role in follow- 
ing the progression of diabetic retinop- 
athy was questioned.” 

Subjects with advanced diabetic ret- 
inopathy or renal disease are known to 
be more liable to have concurrent dis- 
ease of either the eyes or kidneys.””” 
This state of concurrent disease may 
be evidence for a similar cause of mi- 
crovascular disease in both organs. 
The early kidney disease caused by 
diabetes can now be measured accu- 
rately using urinary microalbumin lev- 
els.” The relationship between the ear- 
ly renal and early retinal changes of 
diabetes has not been studied previ- 
ously using sensitive early markers. 
Our study attempts to evaluate the 
relationship of vitreous fluorescein 
leakage with levels of urinary microal- 
bumin excretion. The influences of oth- 
er parameters, such as borderline ele- 
vation in diastolic blood pressure 
(DBP), glycosylated hemoglobin (Hb 
A,) level, age of the subject, and 
duration of diabetes, on fluorescein 
leakage are also described. 


MATERIALS AND METHODS 


One hundred twenty subjects with estab- 
lished diagnoses of insulin-dependent diabe- 
tes mellitus by World Health Organization 
criteria” were included in this study. All 
subjects attended the diabetes eye-kidney 
clinic at least once each year. Subjects older 
than age 14 years who have had diabetes for 
at least 5 years are encouraged to attend 
the eye-kidney clinic. More than 90% of the 
eligible subjects currently attend this clinic. 
There are no other criteria for attending 
the eye-kidney clinic. Determination of mi- 
croalbumin excretion levels as early indexes 
of renal disease were made from urine 
collections as described previously.” All 
subjects signed consent forms approved by 
the University Human Subjects Commit- 
tee. 

Most subjects were seen every 3 months 
for routine diabetes care. Blood pressure 
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(BP) was measured at each visit using a 
conventional mercury sphygmomanometer 
after the subjects rested in a sitting posi- 
tion for 5 minutes. Subjects were consid- 
ered to have “borderline” elevations of sys- 
tolic BP (SBP) or DBP if levels above the 
90th percentile for their ages” were detect- 
ed on at least two separate clinic visits and 
were less than 141/90 mm Hg. Hyperten- 
sion was defined as either a SBP or DBP 
greater than or equal to 141 and 90 mm Hg, 
respectively. ” 

Levels of HbA, were measured using ion- 
exchange chromatography (Isolab Fast He- 
moglobin Test Systems, Isolab Inc, Akron, 
Ohio). Values of 6.3% to 8.2% were consid- 
ered normal throughout the study. To 
evaluate longitudinal glucose control over 
time, the mean HbA, values for each year, 
then all years, were determined for each 
subject. Microalbuminuria was defined as 
an albumin excretion rate of greater than or 
equal to 18 pg/min (95th percentile value 
for our laboratory) from at least two differ- 
ent urine samples. 

All subjects underwent direct ophthal- 
moscopy (with pupils dilated) by at least 
two examiners (one ophthalmologist and 
one pediatrician), followed by color retinal 
photography, intravenous VFP, fluorescein 
angiography, and slit-lamp examination. 
The clinical grading of retinal findings was 
based on results of direct ophthalmoscopy, 
color retinal photography, and fluorescein 
angiograms. The retinal specialist assigned 
grades using a modification of the Airlie 
House classification of diabetic retinopa- 
thy." The ophthalmologist had no knowl- 
edge of the subjects’ renal function, glyce- 
mic control, SBP, DBP, or PVL level and 
thus graded the eye findings in a masked 
fashion. 

Vitreous fluorophotometry was per- 
formed as described by Cunha-Vaz.” One 
hour after the intravenous injection of fluo- 
rescein (7 mg/kg of body weight), VFP 
measurements were made using the Fluoro- 
tron Master (Coherent, Palo Alto, Calif). 
Subjects were seated and asked to fix their 
vision on a target viewed through the opti- 
cal system. Pupils were widely dilated be- 
fore the scan was initiated. Fluorescein 
concentrations (in nanograms per milliliter) 
were measured 3 mm (posterior vitreous) 
and 20 to 26 mm (anterior chamber) from 
the choroid-retina peak of zero. Results 
were calculated from the 60-minute mea- 
surement scan. 

We did not perform VFP in normal sub- 
jects. However, we divided subjects into 
three groups. The first group consisted of 
patients with fluorescein concentrations 
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Table 1.—Posterior Vitreous Leakage (Mean + SEM) by Retinal Classification 





Fluorescein Concentration, ng/mL 
(No. of Subjects) 











Retinal a 
Classification * Right Eye Left Eye Worst Eye 
Level 1 5.9 + 0.4 6.1 + 0.4 7.86. = 0:8 
(69) (79) (64) 
Level 2 9:3.+ 1.6 13.4 2.7 12.3 + 1.9 
(36) (26) (37) 
Levels 3-6 33.2 + 15.2 25.6 + 5.6 $4.2 + 12.9 






(15) (15) (19) 


P by analysis of variance .0001 .0001 .0001 


* A level 1 classification was assigned if there were no retinal changes; level 2, if only microaneurysms were 
present; and levels 3 through 6 if there was severe retinal involvement. '? "4 









Table 2.—Correlations Between Posterior Vitreous Leakage and Age of the Subject, 
se Duration of Diabetes, AER, and HbA, * 















Duration Mean HbA, HbA, Level 
Age of Diabetes AER Level on Examination 
Right eye 
r .32 .27 sit .04 .08 
P .0004 .002 .05 .64 .35 
Left eye — i 
r 30 35 45 19 03 






P .0007 .0001 .0001 .03 .68 
Mean of both eyes 

r .34 we .29 .10 .04 

P .0001 .0003 .001 .26 .61 





* Pearson Correlation Coefficients were used. All values are for 120 subjects. AER indicates albumin excre- 
tion rate; and HbA,, hemoglobin A,. 


Table 3.—Parameters Influencing the Level of Posterior Vitreous Leakage 
(Mean + SEM of Both Eyes) 


Fluorescein Leakage, ng/mL 
= ——q_—— oO  —- 
<5.3 5.3-10.0 >10.0 | 


No. of subjects 45 43 32 


Age, y til + GS 17.9 + 0.4 19.7 + 0.6 <.001 


Duration of diabetes, y 9.3 + 0.6 12.1 6:7 <.0001 
Albumin excretion rate, ug/min 9.1 + 11.5 20:7 = 11.1 114.3 + 12.1 <.009 


Mean Hemoglobin A,, % 11.8 + 0:3 TETE Ue 1138 = OF <.04 


Hemoglobin A, on examination, % 116 = 6.3 10.6 + 0.3 11.3 + 0.4 >.05 
* Statistical analyses using analysis of variance. 





Table 4.—Blood Pressure vs No. of Subjects With Various Levels of Vitreous 


Fluorescein Leakage * 





Fluorescein Leakage, ng/mL 
OO. a CO Nn eee 
<5.3 5.3-10.0 >10.0 


Normal blood pressure 45 37 24 


Elevated diastolic blood 
pressure 0 5 8 


* Vitreous fluorescein leakage as considered for either the worst eye or for the mean of the values from both 
eyes (P = .002; x? test). 


less than 5.3 ng/mL, which corresponds 
with values obtained by Cunha-Vaz et al 
among nondiabetic subjects aged 17 to 47 
years.’ Waltman et al’ also found mean 
(+SEM) concentrations of 4.28 + 0.37 ng/ml 
in controls aged 20 to 40 years and of 
6.69+0.47 ng/mL in subjects less than 20 


years old with diabetes and no retinopathy. 
The balance of the subjects were further 
subdivided into two groups: these with con- 
centrations of 5.3 to 10 ng/mL and those 
with concentrations of more than 10 ng/mL. 

A statistical software package (SAS, 
Cary, NC) was used. for all data process- 


1734 Arch Ophthalmol—Vol 108, December 1990 


ing.” Statistical analyses included use of 
Pearson’s product-moment correlation coef- 
ficient, Student’s ¢ test, and the x’ test. 
Multivariate analyses included linear re- 
gression, analysis of variance, and analysis 
of covariance. When multiple comparisons 
were made, the individual significance lev- 
els were appropriately modified using the 
method of Bonferroni.” 


RESULTS 


Sixty-two males and 58 females un- 
derwent VFP. The mean age (+SD) 
was 18.1+3.1 years, and the mean 
duration of diabetes was 9.5+3.9 
years. The mean HbA, level (+SD) at 
VFP was 11.2% +2.1% compared with 
a mean level of 11.5%+1.6% for the 
previous 5.7 years. 

Fifty-six of the 120 subjects had 
clinically detectable retinopathy in ei- 
ther of the two eyes (Table 1). Forty- 
six subjects had both increased PVL 
(greater than or equal to 5.3 ng/mL) 
and clinically detectable retinopathy 
(grades 2 through 6). Ten subjects had 
clinically detectable retinopathy and 
normal PVL levels. In addition, 42 
subjects had increased PVL levels 
(greater than or equal to 5.3 ng/mL) 
without clinically detectable retinopa- 
thy (no microaneurysms or other le- 
sions detected). The other 22 subjects 
had normal PVL levels and no retino- 
pathy. 

There was a significant association 
between the PVL level and the stage 
of retinopathy (right and left eyes, 
P=.0001, analysis of variance, Table 
1). This was also true for the age of the 
subjects (right eye, P=.0004; left eye, 
P=.0007), the duration of diabetes 
(right eye, P=.002; left eye, P=.0001) 
and the microalbumin excretion (right 
eye, P=.05; left eye, P=.0001) (Table 
2). 

Age, duration of diabetes, and in- 
creased levels of microalbumin excre- 
tion also had significant associations 
with higher PVL levels for either the 
worst eye or the mean of both eyes 
(Table 3). The HbA, levels, either at 
examination or for the previous 5.7 
years, did not consistently correlate 
with PVL levels (Tables 2 and 3). 
Gender did not have a significant asso- 
ciation with any of the variables 
(P>.05, analysis of variance). 

Because only 13 subjects had bor- 
derline elevation of DBP (another had 
borderline elevation of SBP), the data 
were analyzed for BP considering nor- 
mal SBP and DBP levels (106 subjects) 
vs elevated DBP levels (13 subjects). 
Results were significantly different for 
PVL levels between subjects with ele- 
vated DBP levels and subjects with 
normal SBP and DBP levels (left eye, 
P=.0001; right eye, P= .0002; analysis 
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of variance). The distribution of sub- 
jects by elevation in DBP levels vs 
amount of fluorescein leakage was also 
significantly different (Table 4). No 
subjects in this young diabetic popula- 
tion had hypertension. 

Similar analyses were also conduct- 
ed for anterior chamber leakage. No 
significant correlations appeared be- 
tween leakage and any of the fac- 
tors studied (age, sex, duration of dia- 
betes, levels of microalbumin excre- 
tion, HbA,, or BP). 

Multiple linear regression analyses 
for PVL levels showed the retinal 
grade to be a consistently important 
factor. When the result for the left eye 
was entered, AER entered the model 
first (P=.0001, R’=.21), and retin- 
al grade entered next (P=.0001, 
R’=.34). For the right eye, retinal 
grade entered first (P=.0001, R’=.5), 
followed by BP (P=.01, R’=.19). 
When the mean PVL level for both 
eyes was considered in this model, 
retinal grade entered first (P = .00001, 
R’=.19), followed by BP (P=.006, 
R*=.24). When the mean PVL level 
for the worst eye was considered, BP 
entered the model first (P=.00001, 
R’=.16), followed by retinal grade 
(P=.003, R’=.24). Multiple linear re- 
gression analyses for vitreous leakage 
in the anterior chamber were not sig- 
nificant (P>.05). 


COMMENT 


This report is the first to show a 
quantitative relationship between reti- 
nal and renal vessel leakage prior to 
advanced renal disease and hyperten- 
sion in subjects with insulin-dependent 
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diabetes mellitus. It also shows a rela- 
tionship between PVL levels and ele- 
vated DBP levels. Microalbuminuria is 
considered an early marker of diabetic 
renal disease and has been reported 
to be associated with hypertension.” 
Work from our center has also shown 
that high-normal DBP levels correlate 
with microalbuminuria” and retinopa- 
thy” in subjects with diabetes. It is not 
yet known if early intervention to re- 
duce high-normal DBP levels will pre- 
vent or retard ongoing retinal or renal 
disease. 

Our previous work has shown a rela- 
tionship between glucose control, as 
measured by longitudinal HbA, values, 
and the grade of diabetic retinopathy.” 
However, a consistent relationship be- 
tween PVL and HbA, levels was not 
shown in this study. This may be relat- 
ed to the fact that fewer subjects were 
used in this study, to other factors 
such as BP levels influencing PVL 
levels, or to the possibility that fluo- 
rescein leakage (and possibly disrup- 
tion of the blood-retinal barrier, if this 
is the reason for higher concentrations 
of fluorescein in the vitreous) is not 
related to glycemic control. 

We did not determine levels of PVL 
in a nondiabetic population. The nor- 
mal PVL levels reported by Cunha- 
Vaz et al (<5.3 ng/mL) are similar to 
most other normal values published in 
the literature** and are shown in the 
first column of Table 3. Considering 
the mean PVL level of the two eyes, 
the second and third columns show 
abnormal PVL levels for 75 (63%) of 
the 120 subjects. In contrast, only 23 
subjects (19%) had elevated microalbu- 
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min levels. This difference may be due 
in part to the albumin molecule being 
approximately 200 times larger in mo- 
lecular weight than fluorescein. 

It is currently believed that all sub- 
jects with insulin-dependent diabetes 
mellitus will eventually develop reti- 
nopathy if they live long enough. Thus, 
the 42 subjects in this study with in- 
creased PVL levels and no clinical 
retinopathy will presumably eventual- 
ly develop retinopathy. Longitudinal 
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the subjects with increased PVL levels 
will develop retinopathy prior to sub- 
jects with normal PVL levels. Cunha- 
Vaz et al’ and Krupin et al also de- 
tected increased leakage of fluorescein 
into the posterior vitreous of diabetic 
patients without retinopathy compared 
with nondiabetic, healthy subjects. 
Other investigators have not found sig- 
nificantly elevated PVL levels in dia- 
betic patients without retinopathy.’ 
Different durations of diabetes in the 
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these discrepancies. Krupin et al’ stud- 
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Respiratory Epithelium in a Cystic Choristoma of the Limbus 
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è A female newborn had a cystic, whit- 
ish gray mass at the inferotemporal lim- 
bus of the left eye. At age 3 weeks, the 
newborn underwent excision of the tu- 
mor, corneal patch grafting, and superior 
sector optical iridectomy. Histopatholog- 
ic and electron microscopic examination 
of the excised tissue revealed a choris- 
toma consisting of cysts lined with res- 
piratory epithelium. To our knowledge, 
respiratory epithelium in a limbal choris- 
toma has not been previously reported. 

(Arch Ophthalmol.  1990;108:1736- 
1739) 


C ongenital tumors of the limbus are 
rare and most often benign choris- 
tomatous growths. A choristoma is a 
congenital, circumscribed overgrowth 
of histologically normal tissue in an 
aberrant location. The majority of lim- 
bal choristomas are solid masses con- 
taining dermal and fatty tissues (limbal 
dermoid), usually occurring unilateral- 
ly and located temporally. Infrequent- 
ly, limbal choristomas may be cystic 
and composed of tissue such as bone, 
cartilage, lacrimal gland, teeth, 
smooth muscle, or brain. ™ 
We describe a newborn with a con- 
genital cystic mass at the inferotem- 
poral limbus of the left eye. Histo- 
pathologic and electron microscopic 
examination of the tumor showed cysts 
lined with respiratory epithelium. To 
our knowledge, this is the first report 
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of respiratory epithelium in a limbal 
choristoma. 


REPORT OF A CASE 


A 3-day-old female newborn was present- 
ed to us for evaluation of a whitish gray 
cystic mass at the inferotemporal corneal 
limbus of the left eye that was noted at 
birth. The general physical examination re- 
sults were otherwise unremarkable. The 
infant had been delivered spontaneously 
and had a birth weight of 3420 g. The 32- 
year-old mother was gravida 8, para 6. The 
39-week pregnancy was complicated only 
by gestational diabetes, which was con- 
trolled by diet. There was no history of 
drug or alcohol intake, illness, exposure to 
teratogenic agents, trauma, or amniocente- 
sis during pregnancy. The family history 
was remarkable for paternal strabismus 
and a chromosome 8 abnormality in one of 
the patient’s maternal half-siblings. 

Ophthalmic examination of the left eye 
revealed an elevated, whitish gray cystic 
mass involving the cornea and sclera at the 
5-o’clock position of the limbus (Fig 1). The 
mass was 7 mm in diameter and 2 mm in 
height. Half of the mass involved the cor- 
nea. There was a surrounding lip of corneal 
stromal haze. The remaining superior half 
of the cornea was transparent. The anterior 
chamber was deep and showed ne signs of 
inflammation. The iris had prominent radial 
vessels typical of newborns. Superotempor- 
ally, remnants of the anterior tunica vascu- 
losa lentis extended and attached to the 
corneal endothelium at the superior edge of 
the mass. There was no afferent pupillary 
defect. A normal lens, vitreous, and fundus 
were visible through a maximally dilated 
pupil. B-scan ultrasonography exhibited no 
posterior segment abnormalities. Results of 
an examination of the right eye were nor- 
mal. The horizontal corneal diameter, ultra- 
sonographic axial length, and intraocular 
pressure by pneumotonography were 
equivalent in both eyes. 

The patient returned for follow-up 1 week 
later. The cystic mass was more elevated 
with increased thinning of the anterior sur- 
face wall. A decision was made to excise the 
tumor and perform a corneal patch graft. 
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The patient underwent excision of the 
mass at age 3 weeks. A 7-mm corneal 
trephine was used to define the extent of 
the full-thickness resection, which was com- 
pleted using corneoscleral scissors. The re- 
sected lesion was gently separated from 
underlying adhesions to the iris and ciliary 
body. During the separation, the posterior 
wall of the cyst opened, leaking a white 
viscous material. A donor corneal button 
was used to replace the tissue defect (Fig 
2). Additionally, a superior sector optical 
iridectomy was performed in the left eye. 

Within 1 month postoperatively, the 
graft opacified. The host cornea remained 
clear, and the iridectomy remained open, 
yielding a clear visual axis. Long-term oc- 
clusion therapy of the right eye was 
initiated. 


PATHOLOGIC FINDINGS 


The specimen was fixed in 10% buffered 
formaldehyde solution. Gross examination 
showed an opaque, vascularized corneo- 
scleral button measuring 6x 6x2 mm. An 
irregular cystic structure adhered to its 
inner surface. 

The tissue was processed for light and 
electron microscopy. Sections from paraf- 
fin-embedded tissue were stained with he- 
matoxylin-eosin, periodic acid—Schiff, colloi- 
dal iron, alcian blue, and mucicarmine. A 
portion of the tissue was postfixed in osmi- 
um tetroxide, dehydrated in alcohol, and 
embedded in epoxy resin. Ultrathin sec- 
tions were stained with uranyl acetate—lead 
citrate and examined by transmission elec- 
tron microscopy. 

Histologically, the specimen consisted of 
a fragment of vascularized peripheral cor- 
nea and limbus, without Bowman’s conden- 
sation. Gross bundles of irregularly ar- 
ranged collagen fibers were seen in the 
corneal stroma. Cystic structures were 
present in the corneoscleral stroma (Fig 3). 
Each of these cavities was lined by a strati- 
fied, pseudostratified, or simple epithelium. 
In many areas, the epithelium was ciliated 
(Fig 3, inset; Fig 4). The cilia showed a 
characteristic 9+2 pattern (Fig 4, inset). 
Abundant, densely arranged, long micro- 
villi were also present along the epithelial 
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Fig 1.—Slit-lamp photograph of the patient's left eye at initial presen- 
tation. There is a 7-mm whitish gray cystic mass with a thinned anterior 
wall at the 5-o’clock position of the corneal limbus. 


surface (Fig 4). Many cell junctions were 
seen between adjacent epithelial cells, 
which showed marked lateral interdigita- 
tions. Mitochondria were seen mostly with 
the apical cells (Fig 4). Scattered goblet 
cells were also conspicuous throughout the 
epithelium (Fig 3, inset). These cells were 
filled with mucoid secretory granules (Fig 
5), and some appeared to be in the process 
of active secretion. All of these cellular 
features suggest respiratory epithelium.” 

The cysts consisted mainly of desquamat- 
ed epithelial cells and fibrillar material that 
stained positive with colloidal iron and 
alcian blue and mildly positive with periodic 
acid—Schiff and mucicarmine. 

The excised specimen also included other 
disorganized ocular tissues. Adjacent to the 
deep cystic structure was an island of disor- 
ganized, gliotic, peripheral retinal tissue 
(Fig 3). Also seen adjacent to the deep 
cystic structure were irregularly arranged 
bundles of ciliary smooth muscle (Fig 3). 


COMMENT 


Clinical and histopathologic exami- 
nations confirmed the diagnosis of a 
limbal choristoma in our patient. The 
excised limbal tissue contained cystic 
structures lined by stratified, pseudo- 
stratified, or simple epithelium with 
goblet cells. The epithelium had cilia 
with the 9+2 pattern, which is charac- 
teristic of mobile cilia. We believe that 
the lining of the cysts in our patient is 
most consistent with respiratory epi- 
thelium. Respiratory epithelium nor- 
mally lines the nasolacrimal sac and 
duct, nasal passages, paranasal sinus- 
es, oropharynx, otopharyngeal tube, 
larynx, trachea, bronchi, and 
bronchioles.** 

Several types of limbal choristomas 
have been generally recognized: the 
solid, well-defined limbal dermoid, 
which contains dermal and fatty ele- 


10,11, 


ments ` ; the more diffuse, superotem- 
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patch grafting. 


Fig 2.—Slit-lamp photograph of the patient's left eye after corneal 
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Fig 3.—Histologic examination of the excised limbal tumor revealed cystic structures (arrows) 
in the superficial and deep corneoscleral lamellae. Note the area of irregularly arranged smooth 
muscle (S) and gliotic retina (R) adjacent to the deeper cystic structure (hematoxylin-eosin, 
original magnification x 4). Inset, The cystic structures were lined in several places with ciliated 
epithelium containing goblet cells (arrowheads) (hematoxylin-eosin, original magnification 


x 100). 


porally located dermolipoma, in which 
fatty elements predominate; the bilat- 
eral, annular (ring) dermoid; the epi- 
scleral osseous choristoma, which has a 
plaque of mature bone; and complex 
choristomas, which vary in content and 
are composed of two or more ectopic 
tissues.‘ Ocular choristomas occur spo- 
radically, although isolated case re- 
ports suggest an autosomal recessive 
mode of inheritance.’ All types occur 
either as isolated ocular lesions or in 
association with anomalies affecting 


other tissues (eg, Goldenhar’s syn- 
drome, mandibulofacial dysostosis, and 
neurocutaneous syndrome)."*" Most 
reported complex choristomas have 
contained cartilage, lacrimal gland, pi- 
losebaceous structures, teeth, adipose 
tissue, or smooth muscle. ®™" Two 
cases of complex choristomas com- 
posed of ectopic brain tissue and der- 
mal elements have been reported.” 
To our knowledge, no cases of dermoid 
lesions composed of respiratory epithe- 
lium have been reported. 
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Fig 4.—Transmission electron micrograph of the deeper cystic structure showing epithelial 
lining. Note the well-developed basement membrane (arrowheads), interdigitations of the 
lateral cell walls (arrows), and apical location of mitochondria (m). The surface shows deeply 
arranged microvilli (V) and cilia (C) (original magnification x 3500). Inset, Cilia with characteris- 
tic 9+ 2 arrangement of microtubules (original magnification x 30 000). 


Fig 5.—Transmission electron micrograph of a deeper cyst showing two goblet cells (aster- 
isks) filled with mucoid secretory granules, adjacent to ciliated cells (original magnification 
x 2000). 
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The pathogenesis of choristomatous 
formations remains unclear. Choristo- 
mas may originate from ectopic pluri- 
potential cells capable of developing 
into either complex growths composed 
of several cellular elements or growths 
containing a predominance of one tis- 
sue.’ This may occur when a rest of 
totipotential cells develops indepen- 
dent of inductive influences from adja- 
cent structures. Another pathogenetic 
possibility may be that a rest of 
differentiated cells is “pinched off’ 
from its intended tissue structure 
during organogenesis and cohesively 
grows in an adjacent, aberrant 
location. 

To account for the histopathologic 
findings of the choristoma in our 
patient, we hypothesize that a focal 
irregularity of corneal development 
occurred during the sixth week of 
gestation. Ectodermal cells from the 
dorsal end of the nasolacrimal anlage 
may have been deposited with the 
first wave of migrating neural crest 
cells, which later formed the corneal 
endothelium.” A part of the stratified 
and pseudostratified epithelium that 
contained goblet cells lining the 
cysts of our specimen also closely re- 
sembled the lining of the normal lacri- 
mal sac. This finding corroborates our 
hypothesis.” 

Although limbal choristomas are 
most often solid, cystic limbal choristo- 
mas sometimes appear. The differen- 
tial diagnosis of congenital limbal cysts 
also includes lesions associated with 
trauma, infection, or anterior segment 
dysgenesis. Ocular trauma caused by 
an amniocentesis needle has been do- 
cumented.”” In most cases of traumat- 
ic corneal cysts due to amniocentesis, | 
conjunctival epithelium is introduced 
into the anterior chamber to form the 
lining of the cyst. In our patient, the 
epithelium was ciliated, suggesting 
that the cyst was not of conjunctival 
origin, and there was no history of 
amniocentesis. Cases of neonatal infec- 
tious corneal ulcers with descemeto- 
celes, leading to perforation, have also 
been reported.” One case of a con- 
genitally perforated cornea with cyst 
formation in an infant with Peters’ 
anomaly has been reported.” Obstetric 
trauma, usually due to forceps use, 
generally causes eyelid injuries or rup- 
ture of Descemet’s membrane,” al- 
though actual cyst formation in an area 
of ruptured endothelium has been re- 
ported.” Such injuries were not docu- 
mented in this case. 

Congenital limbal tumors rarely 
threaten visual development and most 
often are excised to improve cosmetic 
appearance. Anisometropia should be 
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optically corrected to prevent ambly- 
opia, although the likelihood of induced 
astigmatism from limbal choristomas 
remains uncertain.”” Tumors involv- 
ing the visual axis should be treated 
early with lamellar keratoplasty, pene- 
trating keratoplasty, or optic iridec- 
tomy. The visual prognosis after pene- 
trating keratoplasty is generally poor 
in children because of rapid wound 
healing with corneal neovasculariza- 
tion.” Glaucoma, postoperative pe- 
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ripheral anterior synechiae, astigma- 
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keratoplasty. In one case, successful 
surgical removal of a corneal dermoid 
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keratoplasty followed by penetrating 
keratoplasty.” Because of the enlarg- 
ing, progressively thinning, cystic na- 
ture of our patient’s lesion, lamellar 
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Retinal Toxicity of Intravitreal Gentamicin 


Gary C. Brown, MD; Ralph C. Eagle, MD; Eric P. Shakin, MD; Michael Gruber, MD; Violeta V. Arbizio 


è The short- and long-term effects of a 
10-mg dose of intravitreal gentamicin 
were studied in the subhuman primate 
eye with regard to the changes in clinical 
appearance, fluorescein angiography, 
electroretinography, histopathologic 
finding, and electron microscopy. The 
gentamicin produced retinal whitening 
with a cherry-red spot, generalized vas- 
cular incompetence, diffuse retinal ne- 
crosis, thrombosis of the large retinal 
blood vessels, widespread loss of the 
retinal capillary pericytes and endothelial 
cells, and a rapid extinction of the 
electroretinogram. 

(Arch Ophthalmol. 
1744) 


1990;108:1740- 


( ubconjunctival antibiotics are rou- 

tinely used at the conclusion of ocu- 
lar surgery to prevent postoperative 
infections.’ Recent reports have shown 
that inadvertent intraocular injection 
of high doses of gentamicin causes 
severe retinal toxicity and catastrophic 
visual loss.** We studied the acute and 
chronic effects of high-dose intravit- 
real gentamicin in the subhuman pri- 
mate with ophthalmoscopy, fluorescein 
angiography, electroretinography, his- 
topathologic examination, and electron 
microscopy. 


MATERIALS AND METHODS 


Two adult macaque monkeys (Macaca 
nemistrina), weighing 12.6 and 14.6 kg, 
were cared for according to the provisions 
of the Association for Research in Vision 
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and Ophthalmology resolution regarding 
the use of animals in research. The pri- 
mates were sedated with 70-mg/kg acepro- 
mazine intramuscularly, and anesthesia was 
obtained with 8-mg/kg ketamine hydrochlo- 
ride intramuscularly. Topical ocular propar- 
acaine was also administered as necessary. 
Each monkey’s pupil was dilated with 2.5% 
phenylephrine and 1% cyclopentolate. A 
vitreous tap was performed in each eye of 
both animals, 2.5 mm posterior to the lim- 
bus in the inferior temporal quadrant, to 
remove 0.25 mL of liquified vitreous 
through a 26-gauge needle. An 0.25-mL 
aliquot of balanced salt solution was inject- 
ed through the same needle into the vitre- 
ous cavity of one eye in each animal and 10 
mg of gentamicin sulfate (0.25 mL) was 
injected in a similar fashion into the contra- 
lateral eye. The gentamicin was obtained 
directly from a commercial preparation. 
The intraocular pressures, as measured by 
Schiotz tonometry, were less than 15 mm 
Hg throughout the procedures. Indirect 
ophthalmosecopy and fundus photography 
were undertaken 15 minutes prior to injec- 
tion, immediately after injection, 30 min- 
utes after injection, and 2 hours after injec- 
tion. 

Using 0.4 mL of 25% sodium fluorescein 
injected through the saphenous vein of the 
leg, intravenous fluorescein angiography 
was done prior to the intravitreal injections 
in both animals. The fluorescein angiogram 
was repeated in each monkey at 20 minutes 
and 2 hours after the gentamicin injections. 
Baseline scotopic electroretinograms were 
obtained after 20 minutes of dark adapta- 
tion, immediately after injection, approxi- 
mately every 5 minutes for 30 minutes, and 
once every 30 minutes for 4 hours. A jet 
electrode was placed on each cornea with 
methylcellulose, a reference electrode was 
positioned in the outer canthus, and a 
ground electrode was inserted into the 
shoulder. The photostimulator (Grass PS- 
22, Grass Instruments, Quincy, Mass) at 
full intensity emitted a 33-millilambert 
white stimulus of 10 microseconds’ duration 
at 0.3 m from the eye being tested. The 
responses were amplified by an AC coupled 
nonlinear amplifier and recorded on a signal 
averager (CA 1000, Nicolet Instruments 
Corp, Madison, Wis). 
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The animals were killed at 4.5 hours and 
11 days after the intravitreal injections. 
Following enucleation, a 4-mm sclerostomy 
was made in each eye, following which the 
globes were then immediately immersed in 
2.5% glutaraldehyde. After fixation, the 
anterior segment of each globe was re- 
moved coronally, and the posterior segment 
was examined and photographed with a 
dissecting microscope adapted for macro- 
photography. Representative segments of 
the posterior retina and choroid were pro- 
cessed routinely for light microscopy and 
for transmission electron microscopy. The 
retinal tissue from the 11-day specimen was 
also digested with trypsin, and the flat 
preparation was stained with periodic 
acid—Schiff and hematoxylin. 


RESULTS 
Ophthalmoscopy 


The retina in the posterior pole in 
each subject became diffusely whit- 
ened within 5 minutes after the intra- 
vitreal injection of gentamicin sulfate. 
There was an associated cherry-red 
spot in the foveola and occasional reti- 
nal hemorrhages were seen in the pos- 
terior pole (Fig 1). A rarefied, diffuse 
vitreous haze developed within the 
first hour. The retinal arteries were 
attenuated and the retinal veins were 
dilated, but not tortuous. 

The retina in the eyes injected with 
gentamicin remained white and pale 
during the few days it was visible, 
with increasing retinal hemorrhages 
developing during this period. A dense 
white cataract developed in the second 
animal in the studied eye before 11 
days, precluding a clinical fundus view. 
The fundus in the control eyes re- 
mained unchanged from the preinjec- 
tion appearance throughout the study. 


Fluorescein Angiography 
Intravenous fluorescein angiography 


at 20 minutes after gentamicin injec- 
tion disclosed normal filling of the cho- 
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roid, retinal arteries, and veins. A 
similar pattern was seen at 2 hours 
after the intravitreal injection. There 
was no evidence of retinal capillary 
nonperfusion. Multiple small foci of 
leakage from the retinal blood vessels 
developed during the venous filling 
phase of the fluorescein angiogram 
(Fig 2). The hyperfluorescent foci en- 
larged during the recirculation phase 
of the study. There was marked hyper- 
fluorescence of the optic disc, with 
leakage of fluorescein dye into the 
overlying vitreous cavity, in the later 
phases of the 2-hour study. Similar 
patterns of leakage from the retinal 
vessels were observed at both 20 min- 
utes and 2 hours after the intravitreal 
gentamicin injection. Minimal optic 
disc staining was observed in the con- 
trol eyes at the corresponding times 
after injection (Fig 3), but the studies 
yielded otherwise normal results in 
these eyes. 
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are dilated. 


Electroretinography 


There was a marked decrease of the 
B wave amplitude of the electroretino- 
gram under scotopic conditions within 
5 minutes after the gentamicin injec- 
tion in each study eye. The electroreti- 
nograms became isoelectric, with com- 
plete loss of the A and B waves within 
90 minutes after the injection (Fig 4). 
The electroretinogram in the second 
monkey remained isoelectric after 11 
days. Electroretinograms in the con- 
trol eyes of each animal were normal at 
both the early and later corresponding 
times. 


Ophthalmic Pathology 


The gross specimen of the animal 
killed 4.5 hours after injection was a 
normal-sized globe. The vitreous body 
was totally opacified by white fibrinous 
material that obscured the posterior 
retina. Removal of the opacified vitre- 





Fig 1.—Right fundus of monkey at 30 minutes after an intravitreal 
injection of 10 mg of gentamicin sulfate. The retina is opacified with a 
cherry red spot, simulating the appearance of a central retinal artery 
obstruction. The retinal arteries are attenuated and the retinal veins 


Fig 2.—Fluorescein angiogram, corresponding to Fig 1, at 20 minutes 
after the intravitreal gentamicin injection. Multiple foci of leakage from 
the retinal vessels can be seen at several minutes into the study. 


Fig 3.—Fluorescein angiogram of a control eye at 20 minutes after 
injection demonstrates no leakage from the retinal vessels. 


Fig 4.—Composite of the scotopic electroret- 
inograms of eyes before 10-mg intravitreal 
gentamicin injection and at 10 minutes, 30 
minutes, 260 minutes, and 11 days after the 
injections. 


Before Injection 


10 min After Injection 


30 min After Injection 
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11 d After Injection 
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Fig 5.—Gross specimen of globe enucleated 4.5 hours after intravitreal injection of 10 mg of 
gentamicin. The fluffy white vitreous has been removed, revealing severe, diffuse, retinal 


opacification. 





Fig 6.—Transmission electron micrograph of globe enucleated 4.5 hours after intravitreal 
injection of 10 mg of gentamicin. The retinal capillary is diminished in caliber and has a slitlike 
lumen. The adjacent retinal cells are degenerated (transmission electron micrograph, plate 
magnification x 6000). 


ous disclosed total retinal opacification 
and stellate macular folds (Fig 5). 
Transmission electron microscopy re- 
vealed that the retinal capillaries were 
diminished in caliber and had slitlike 
lumina (Fig 6). Degeneration of adja- 
cent retinal neurons and glial cells was 
evident. The Miiller cells were necrot- 
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ic, while the photoreceptors showed 
cytoplasmic vacuolization, mitochon- 
drial swelling, and various degrees of 
nuclear pyknosis (Fig 7). In contrast to 
the degenerated overlying retina, the 
retinal pigment epithelium, choriocap- 
illaris, and choroidal melanocytes were 
well preserved (Fig 8). 
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Fig 7.—Outer retina of eye enucleated 4.5 
hours after intravitreal injection of 10 mg of 
gentamicin. The Muller cells are necrotic. 
Photoreceptors show various degrees of nu- 
clear pyknosis. The mitochondria of the inner 
segments are swollen (transmission electron 
micrograph, plate magnification x 2400). 


Fig 8.—Retinal pigment epithelium and inner 
choroid of the eye enucleated 4.5 hours after 
ntravitreal injection of 10 mg of gentamicin. In 
contrast to the adjacent outer retina seen in 
Fig 7, the retinal pigment epithelium and cho- 
roid appear minimally involved. Occasional 
swollen mitochondria are seen in the retinal 
pigment epithelium. The choriocapillaris ap- 
pears patent and the uveal melanocytes are 
well preserved (transmission electron micro- 
graph, original magnification x 2400). 
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Fig 9.—Eye specimen of globe enucleated 11 days after intravitreal 
injection of 10 mg of gentamicin. The shallowly detached retina is 
markedly degenerate and hemorrhagic. 





Fig 10.—Eye enucleated 11 days after intravitreal injection of 10 mg 
of gentamicin. The neurosensory retina is shallowly detached by 
serous fluid. Extensive necrosis and dissolution is present within the 
inner retinal layers, suggesting ischemic inner retinal atrophy. Deep 
and superficial hemorrhages are seen next to a large thrombosed 
vessel. The retinal pigment epithelium and choroid appear relatively 
spared (hematoxylin-eosin, original magnification x 25). 





Fig 11.—Transmission electron micrograph of retina in the globe 
enucleated 11 days after intravitreal gentamicin injection. Vacuolated 
cellular debris surrounds an erythrocyte in the lumen of a thrombosed 
retinal capillary. Endothelial cells are not evident. The surrounding 
retinal cells are necrotic (transmission electron micrograph, plate 


Fig 12.—Trypsin retinal digest preparation from globe enucleated 11 
days after gentamicin injection. Occasional endothelial cells are seen, 
but most of the capillaries appear as acellular tubules (periodic 
acid—Schiff and hematoxylin, x 100). 


magnification x 5000). 


Macroscopic examination of the 11- 
day-old gentamicin specimen revealed 
a shallow detachment of the neurosen- 
sory retina. The retina demonstrated 
hemorrhagic necrosis (Fig 9). Light 
microscopy of paraffin-embedded tis- 
sue disclosed extensive necrosis and 
dissolution of the inner retinal layers 
(Fig 10). Compared with the inner 
retina, the outer nuclear layer was 
relatively well preserved. 

Transmission electron microscopy 
(Fig 11) disclosed thrombosed retinal 
vessels. Endothelial cells were absent 
from the smaller retinal vessels. A 
trypsin digest preparation (Fig 12) re- 
vealed marked loss of retinal pericytes 
as well as endothelial cells. 
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COMMENT 


The retinal toxicity of therapeutic 
doses of intravitreal gentamicin rang- 
ing from 100 to 1000 pg has been 
established.*” It varies with the dose 
and concentration of the intravitreal 
drug administered. In a rabbit model, 
D’Amico and associates” found that 
doses of up to 200 pg produced lamel- 
lar storage material in the liposomes of 
retinal pigment epithelial cells and 
macrophages. Doses of 400 pg caused 
disruption of retinal pigment epithelial 
cell organelles and the loss of photore- 
ceptor outer segments. Full-thickness 
retinal necrosis occurred with doses of 
800 ug or greater. In a primate model, 


Conway and associates” demonstrated 
swelling of the nerve fiber layer with 
ganglion cell necrosis but normal vas- 
culature, with a dose of 1000 pg. A 
higher intravitreal dose of 3000 pg 
caused necrosis and atrophy of the 
inner retina, atrophy of the photore- 
ceptor outer segments, and granulo- 
cyte thrombi in the blood vessels. 

In our primate model, a dose of 
10 000 pg caused early retinal damage, 
as demonstrated ophthalmoscopically 
and with electroretinography, and lat- 
er caused necrosis of the inner retina. 
Thrombi were present in the larger 
retinal blood vessels, and loss of peri- 
cytes and endothelial cells was noted in 
the smaller retinal vessels. Conway 
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and associates” have proposed that 
the retinal toxicity of gentamicin is 
primarily neural in the initial stages, 
with vascular changes occurring sec- 
ondarily. Our results support this 
hypothesis. 

Aminoglycosides may exert toxic ef- 
fects by disrupting lysosomal enzymes 
and causing sequestration of unmetab- 
olized substrates.” A direct effect on 
mitochondria, with disruption of oxida- 
tive phosphorylation, may also play a 
role.” Transmission electron microsco- 
py specimens in the eyes injected with 
gentamicin demonstrated mitochondri- 
al damage. Snider and associates’ have 
suggested that the low pH (3 to 5) of 
gentamicin solution, as well as its pre- 
servatives (methylparaben, propylpan- 
aben, sodium bisulfite, and edetate di- 
sodium), may also contribute to or 
cause toxic effects. However, work by 
D’Amico and associates” has shown 
that the preservatives in gentamicin 
probably do not produce a toxic 
reaction. 

The rapid attenuation of the B wave 
amplitude of the electroretinogram 
within minutes after the intravitreal 
gentamicin injections suggests that the 
inner retina is rapidly destroyed, fol- 
lowed by subsequent damage to the 
outer retina, as reflected by loss of the 
A wave response. This sequence of 
damage probably occurs because the 
gentamicin reaches the inner retina 
first as it penetrates from the vitreous 
cavity. As suggested by Conway and 
associates,” these early changes may 
be related to gentamicin neuroretinal 
toxicity rather than to a primary 
vascular insult. Failure of fluorescein 
angiography at 20 minutes and at 2 
hours after injection to demonstrate 
large retinal vessel flow abnormalities 
and/or retinal capillary shutdown sug- 
gests that the later vascular obstruc- 
tive phenomena observed microscopi- 
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cally do not account for the early 
dramatic ophthalmoscopic and electro- 
retinographic changes. Additionally, 
the choriocapillaris appeared unaf- 
fected in our specimens, making it 
unlikely that loss of the A wave on 
electroretinography occurred as a re- 
sult of outer retinal ischemia. 

Histopathologically, the retinal 
whitening corresponded to necrosis of 
the inner retina. The superficial hem- 
orrhages and diffuse vascular incompe- 
tence documented by fluorescein angi- 
ography appear to be a consequence of 
damage to pericytes and endothelial 
cells. The presence of retinal capillary 
nonperfusion may be caused by throm- 
bi in the major blood vessels or by a 
direct toxic effect to the retinal capil- 
lary bed. 

In the clinical postoperative setting, 
the fundus appearance of inadvertent 
high-dose gentamicin injection can 
closely mimic that of acute central 
retinal artery obstruction, ophthalmic 
artery obstruction, or combined cen- 
tral retinal artery/central retinal vein 
obstruction, all complications of retro- 
bulbar injection.” Signs that help to 
distinguish the entities include the 
presence of retinal vascular leakage 
with fluorescein angiography following 
massive intravitreal gentamicin injec- 
tion, as well as an isoelectric electro- 
retinogram. In contrast, there is mini- 
mal retinal vascular leakage and a 
relatively normal A wave on electro- 
retinography with a central retinal ar- 
tery obstruction.” An acute ophthal- 
mic artery obstruction is frequently 
associated with an isoelectric electro- 
retinogram and hyperfluorescent foci 
at the level of the retinal pigment 
epithelium, but a cherry-red spot is 
often absent; choroidal perfusion is 
also frequently compromised on fluo- 
rescein angiography.” Additionally, 
the presence of a peripheral retinal 
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break after ophthalmic surgery is an- 
other sign suggesting an inadvertent 
intraocular needle injection. Our study 
also showed that serous detachment of 
the neurosensory retina can develop as 
a late complication of intravitreal gen- 
tamicin injection. This does not occur 
after central retinal artery obstruc- 
tion, ophthalmic artery obstruction, or 
combined central retinal artery/central 
retinal vein obstruction. Intraocular 
gentamicin can also induce relatively 
rapid cataract formation, which is not 
the case with large-vessel retinal vas- 
cular obstructive disease. 

The onset of the funduscopic and 
electroretinographic changes within 
several minutes after an intravitreal 
gentamicin injection portends a grim 
visual prognosis. The retinal toxicity is 
probably irreversible even when the 
drug is removed rapidly from the 
eye.’ Assuming that the human eye is 
twice the size of the macaque monkey 
eye, a dose of 10 mg of gentamicin 
injected into the monkey eye is ap- 
proximately equivalent to a dose of 
20 mg of gentamicin injected into the 
human eye. This is the same gentami- 
cin dose routinely administered for 
subconjunctival injections by many 
ophthalmic surgeons after ocular sur- 
gery. The sequelae of an inadvertent 
intraocular gentamicin injection can be 
catastrophic. We agree with the rec- 
ommendations of the other authors” 
that all syringes on the operative field 
be labeled. Preferably, the drug should 
be drawn up only immediately prior to 
usage. Additionally, subconjunctival 
injections should be given under direct 
visualization, rather than blindly and 
deep in the cul-de-sac, to reduce the 
chance of inadvertent intraocular 
injection. 
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Laser Sclerostomy by Pulsed-Dye Laser 


Mark A. Latina, MD; M. Dobrogowski, MD; Wayne F. March, MD; R. Birngruber, PhD 


è We describe an ab-interno laser 
sclerostomy procedure using the meth- 
od termed dye-enhanced ablation with a 
slit-lamp delivery system and special 
goniolens such that only the laser light 
beam penetrates the anterior chamber. 
The procedure uses a microsecond- 
pulsed-dye laser emitting at 666 nm and 
iontophoresis of methylene blue dye (ab- 
sorption of 668 nm) into the sclera at the 
limbus to enhance the absorption of the 
laser light. We compared the number of 
pulses needed to perforate excised hu- 
man sclera at pulse durations of 1.5, 20, 
and 300 microseconds. Pulse durations 
of 1.5 and 20 microseconds required 20 
pulses or fewer to perforate excised hu- 
man sclera with pulse energies of 75 to 
100 mJ. The ab-interno laser sclerostomy 


J aser sclerostomy as a technique to 

perform ab-interno glaucoma filtra- 
tion surgery is gaining increasing at- 
tention as an approach that could mini- 
mize complications and improve the 
long-term success of filtration surgery. 
Compared with conventional ab-ex- 
terno filtration surgery, the ab-interno 
approach minimizes manipulation of 
ocular tissues and avoids conjunctival 
dissection. This approach may reduce 
the stimulus for episcleral fibroblast 
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procedure was performed in 54 eyes of 
Dutch-belted rabbits with pulse dura- 
tions of 1.5 or 20 microseconds and a 
100- or 200-.m incident spot diameter 
delivered using a CGF goniolens. Full- 
thickness fistulas were successfully cre- 
ated at both pulse durations in approxi- 
mately 80% of eyes treated. A range of 
three to 25 pulses was required to perfo- 
rate sclera with slightly fewer pulses and 
lower pulse energies at 1.5 microsec- 
onds compared with 20 microseconds. 
There were no significant complications 
from the procedure. This technique 
could permit filtration surgery to be per- 
formed on an outpatient basis. 

(Arch Ophthalmol. 1990;108:1745- 
1750) 


proliferation, which leads to scarring 
and eventual failure of filtration blebs. 
A variety of ab-interno laser 
techniques have also been reported 
using fiberoptic or gonioscopic deliv- 
ery. March and coworkers” first intro- 
duced the use of the Q-switched neo- 
dymium (Nd)-YAG laser to perform 
“one-step filters” using a gonioscopic 
approach. Using an optical fiber that is 
passed across the anterior chamber, 
sclerostomies have been created with 
the argon-ion laser, holmium, erbi- 
um-YAG,° and excimer’ laser. The 
continuous-wave Nd-YAG laser cou- 
pled to a synthetic sapphire probe has 
also been reported to be effective in 
creating ab-interno sclerostomies.”" 
Latina et al™” have reported the use 
of a pulsed-dye laser emitting visible 
light at 666 nm to create ab-interno 
sclerostomies using a fiberoptic deliv- 
ery system.™” Since visible light is 
readily transmitted by the cornea, we 
have now developed a slit-lamp deliv- 


and Goniolens 


ery system that allows filtration sur- 
gery to be performed via a gonioscopic 
approach. We present our technique 
and the results of studies we per- 
formed in rabbits and excised human 
sclera.” 


MATERIALS AND METHODS 
Laser Instrumentation 


Flashlamp-pumped dye lasers (Candela 
Corp, Wayland, Mass) adjusted to emit at 
666 nm with pulse widths of either 1.5, 20, 
or 300 microseconds were used in these 
experiments. The output of the laser was 
coupled to a slit-lamp delivery system by an 
optical fiber producing a final spot diameter 
of either 100 or 200 um. The output of a 
low-power helium-neon laser was coupled to 
the optical fiber and served as an aiming 
beam to provide easy targeting of the treat- 
ment area. Laser power was measured with 
a power meter (Model 210, Coherent Medi- 
cal Inc, Palo Alto, Calif) prior to use. The 
pulse energy variability was less than 10%. 


lontophoresis 


Methylene blue dye (1% solution, Ameri- 
can Regent Laboratories, Shirley, NY) 
with an absorption peak of 668 nm was used 
to enhance the optical absorption of sclera, 
as previously described by Latina and co- 
workers." Methylene blue dye is water 
soluble and has a positive electrical charge 
in solution. The dye was applied to the 
sclera by iontophoresis. The iontophoresis 
probe consisted of a 250-uL micropipette 
tube, which serves as a reservoir for the 
methylene blue dye, coupled to a 1-mL 
tuberculin syringe, forming an airtight seal. 
A platinum wire was placed within the 
micropipette tube and positioned approxi- 
mately 4 mm from the aperture. The end of 
the micropipette was cut with a razor blade 
such that the aperture measured 500 to 700 
um. The positive electrode of a constant 
current source (Motion Control, Salt Lake 
City, Utah) was attached to the platinum 
electrode of the probe. The negative elec- 
trode served as a ground. The iontophoresis 
probe was placed at the superior limbus 
just posterior to the junction of the conjunc- 
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tiva to the cornea at a current of 0.4 mA for 
a period sufficient to allow the dye to 
penetrate the entire thickness of sclera. 
Iontophoresis of dye required a maximum 
of 5 minutes to complete. 


In Vitro Studies 


The characteristics of scleral ablation us- 
ing a slit-lamp delivery system were exam- 
ined using scleral strips obtained from the 
limbal region of freshly enucleated human 
eyes within 24 hours of death. Each scleral 
strip was focally dyed with 1% methylene 
blue by iontophoresis, as described above, 
until the dye penetrated the entire thick- 
ness of sclera starting from the episcleral 
surface. The dyed scleral strip was then 
mounted in a “mock anterior chamber” con- 
structed from a plexiglass tube (10 x 1 em), 
with a glass window on one side and an 
aperture on the opposite side where the 
sclera was mounted. The normal anatomic 
orientation of the sclera was maintained 
with the episcleral surface facing out. The 
chamber was filled with balanced salt solu- 
tion (Alcon Surgical, Ft Worth, Tex) to 
simulate aqueous humor. The laser beam 
was focused onto the dyed inner surface of 
the sclera and triggered manually in the 
single-pulse mode. 

The number of pulses required to perfo- 
rate sclera was determined at three pulse 
durations: 1.5, 20, and 300 microseconds; 
pulse energies ranging from 25 to 175 mJ; 
and a spot size of 200 pm. Perforation was 
determined by observation of a light source 
placed behind the chamber. A minimum of 
two samples were tested for each combina- 
tion of pulse duration and pulse energy. 
Following perforation, samples were placed 
in 10% formaldehyde solution and processed 
for routine hematoxylin-eosin light micros- 
copy. The size of the fistula and the zone of 
damage at the edges of the sclerostomies 
were measured from the microscopic sec- 
tions using an Olympus microscope (Olym- 
pus, Tokyo, Japan). 


In Vivo Studies 


Dutch-belted rabbits weighing 2 to 3 kg 
were used in this study. All rabbits were 
healthy, as determined by a preoperative 
examination. All animals were housed in 
accordance with the Association for Re- 
search in Vision and Ophthalmology resolu- 
tion on laboratory animals. A total of 54 
eves were treated. 

The rabbits were anesthetized using in- 
tramuscular ketamine hydrochloride (35 
mg/kg) and xylazine (5 mg/kg) Topical 
proparicaine was applied to each eye and a 
lid speculum inserted. Iontophoresis of 1% 
methylene blue was performed at the supe- 
rior limbus until the methylene blue was 
seen in the anterior chamber or for a maxi- 
mum of 5 minutes (Fig 1). After iontophore- 
sis, the rabbit eye was proptosed and a 
conjunctival bleb was raised by injection of 
sodium hyaluronate or saline through a 27- 
gauge needle inserted adjacent to the ionto- 
phoresis site. The rabbit was positioned at 
the slit lamp and a CGF (contact glass for 
filtration) goniolens (Lasag Corp, Switzer- 
land) was placed on the cornea with methyl- 
cellulose. The helium-neon aiming beam 
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was then focused onto the dyed region and 
the laser was manually triggered in the 
single-pulse mode. The laser was pulsed in 
the same location repeatedly until a full- 
thickness perforation (Fig 2) could be visu- 
alized, shallowing of the chamber was ob- 
served, or for a maximum of 25 pulses. The 
procedure was determined to be unsuccess- 
ful if perforation could not be achieved 
within 25 pulses. The experiments were 
carried out with pulse durations of 1.5 or 20 
microseconds, spot sizes of 100 or 200 um, 
and pulse energies ranging from 50 to 240 
mJ. 

Rabbits were killed immediately with an 
overdose of phenobarbital or at 1 day or 2 
weeks (four rabbits) after surgery. The 
eyes were then enucleated, the superior 
conjunctiva was preserved, and the eyes 
were immersed in neutral buffered formal- 
in. After fixation, the eyes were bisected 
parallel to the iris plane posterior to the 
lens. The lens was removed, and the region 
of the anterior segment containing the 
treated site was embedded in paraffin ac- 
cording to routine laboratory procedures. 
Six-micrometer sections were prepared and 
stained with hematoxylin-eosin, and select- 
ed sections were photographed using a 
Zeiss Axiophot photomicroscope (Zeiss, 
Thornwood, NY). Fistula size and damage 
zone were measured using an Olympus mi- 
croscope with calibrated reticule. 


RESULTS 
In Vitro Ablation Study 


As shown in Fig 3, shorter pulse 
durations allowed perforation of sclera 
with the least number of pulses and 
the lowest pulse energies. This indi- 
cates that within the range of pulse 
durations we studied, the ablation effi- 
ciency (ie, the amount of materials 
removed per pulse at a given pulse 
energy) was greater at shorter pulse 
durations. At a pulse energy of 100 
mJ, 10 pulses or fewer were required 
to perforate sclera at 20 or 1.5 micro- 
seconds, while more than 80 pulses 
were necessary with a 300-microsec- 
ond pulse. Also, it was not pos- 
sible to perforate with pulse energies 
below 100 mJ with a 300-microsecond 
pulse. 

With a 20-microsecond pulse width, 
an increase in the pulse energy from 
100 to 150 mJ required the same num- 
ber of pulses to perforate selera. We 
were not able to apply pulse energies 
greater than 100 mJ with a 1.5-micro- 
second pulse because these energies 
were close to the damage threshold of 
the fiberoptics. 


In Vitro Histologic Observations 


A typical histologic section of in vi- 
tro human sclera following ablation 
with a 200-um spot diameter is shown 
in Fig 4. The mean fistula diameter 
was 300 um, with a range from 200 to 
450 um. Higher pulse energies pro- 
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duced larger fistulas with a conical 
shape. For pulse durations of 1.5 and 
20 microseconds, the damage zone 
ranged from 25 to 50 wm. The damage 
zone increased to approximately 100 
um using a 300-microsecond pulse (Ta- 
ble 1). 


In Vivo Studies 


Iontophoresis of 1% methylene blue 
with a current of 0.4 mA produced 
reliable staining of the sclera through- 
out its entire thickness. A gonioscopic 
view of dyed limbal sclera is shown in 
Fig 5. Internally, the diameter of the 
dyed region was 500 to 800 um. We 
performed in vivo studies at 1.5 and 20 
microseconds. Based on the in vitro 
studies described above, fewer pulses 
and lower pulse energies were re- 
quired to perforate sclera at these 
pulse durations than at a pulse dura- 
tion of 300 microseconds. The spot size 
dependence for sclera perforation was 
also investigated by using a 200- and 
100-1.m spot size to perform ab-interno 
sclerostomies. 

As shown in Table 2, a minimum 
pulse energy of 75 mJ was required for 
perforation at a pulse duration of 1.5 
microseconds. At 20 microseconds a 
minimum pulse energy of 110 mJ was 
required for perforation. Perforation 
was obtained with the fewest number 
of pulses using a pulse duration of 1.5 
microseconds, a pulse energy of 100 
mJ, and a spot diameter of 100 um. 
This corresponds to an irradiance of 10° 
W/cm’. By comparison, decreasing the 
irradiance by increasing the pulse du- 
ration to 20 microseconds and/or spot 
size to 200 um increased the number of 
pulses required to perforate sclera. At 
pulse energies that ablate sclera effec- 
tively, perforation was successful in 
73% to 85% of eyes (Table 2). 

During surgery, mild bleeding from 
the sclerostomy site was noted in three 
animals and stopped spontaneously. 
This did not interfere with completion 
of the procedure. At a pulse duration 
of 1.5 microseconds, a backward move- 
ment of the iris could be visualized 
following the initial pulse. This effect 
did not occur at a pulse width of 20 
microseconds. Immediately after 
treatment the anterior chambers were 
slightly shallow with a mild to moder- 
ate anterior chamber inflammatory 
reaction. 

In those animals followed up for 24 
hours or longer, the anterior chamber 
showed a mild to moderate inflamma- 
tory reaction that subsided within 48 
hours. Mild corneal edema adjacent to 
the sclerostomy site was also present 
in animals in which the sclerostomy 
was placed anteriorly toward the cor- 
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Fig 1.— Schematic representation of iontophoresis of methylene blue Fig 2.— Schematic representation of a laser beam directed through a 
dye into the sclera at the limbus. goniolens onto the dyed sclera region to create a full-thickness fistula. 
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Fig 3.—Threshold for perforation from in vitro 
scleral ablation. The mean number of pulses 
to perforate excised human sclera is plotted 
as a function of pulse energy at pulse dura- 
tions of 300, 20, and 1.5 microseconds. 


Fig 4.—Fistula through excised human sclera with 50 md at 1.5 microseconds. Fistula size is 
250 um and thermal damage zone is 20 um (arrows) (hematoxylin-eosin, original magnification 
x 100). 


Fig 5.—Gonioscopic view of methylene blue— 
dyed sclera (arrow) (kowa camera, Original 
magnification x 2). 


Fig 6.—Filtration bleb 24 hours after laser 
filter. Note that the methylene blue dye is 
absent from the conjunctiva (arrow denotes 
region of sclerostomy). 
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Table 1.—In Vitro Scleral Ablation: Histologic Measurement of Tissue Damage Zone 
and Fistula Diameter 


Range of Fistula 
Diameter, um 
(+50 um) 
ee, 
Tissue Damage Internal External 
Zone, um (+ 10 um) Ostia Ostia 


Pulse Duration, Pulse Energy, 
(us) mJ 


Table 2.—In Vivo Scleral Ablation: Relation Between Laser Parameters and 
Scleral Ablation 


No. of No. of 
Pulse Duration, Spot Diameter, Pulse Energy, Pulses to Eyes % of Eyes 
us mJ Perforate Treated Perforated 


<75 No perforation 
75-100 3-10 

<75 No perforation 
75-100 5-20 

250 


110-150 
250-270 











nea. The corneal edema cleared within 
48 hours. Within 24 hours, the blebs 
were also cleared of methylene blue 
dye, as shown in Fig 6. In the four 
rabbits followed up for 2 weeks, blebs 
became localized within several days 
and appeared flat by 10 days after 
surgery. 

Following treatment, there was no 
evidence of retinal detachment, cyclo- 
dialysis, cataract, gross hyphema, or 
corneal decompensation by slit-lamp 
biomicroscopy or on gross examination 
following enucleation in any animal. 
The only significant complication that 
occurred was conjunctival or corneal 
perforation, which resulted from ante- 
rior placement of the sclerostomy or 
compression of the bleb by the gonio- 
lens. This occurred in four of the 54 
treated eyes. 


Histologic Observations: Acute Studies 


A photomicrograph of a typical laser 
sclerostomy is shown in Fig 7. The 
fistulas created were either cylindrical 
or conical, with a range of 500 um at 
the incident inner scleral surface and 
100 um at the external scleral surface. 
The shape or diameter of the fistula 
did not change with spot size. Disrup- 
tion of Descemet’s membrane adjacent 
to the sclerostomy, extending for up to 
800 um, was present in all animals. 
This was not unexpected since the 
sclerostomy must be placed anteriorly 
in the rabbit because of the anatomic 
configuration of the anterior chamber, 
making it necessary to ablate through 
Descemet’s membrane. 


COMMENT 


The results of this study demon- 
strate that it is feasible to create scler- 
ostomies both in vitro and in vivo in 
rabbits using focused pulses of visible 
laser light emitted from a pulsed-dye 
laser and delivered through the cornea 
via a slit-lamp approach. This laser 
sclerostomy procedure does not in- 
volve intraocular manipulation with in- 
struments or fiberoptics since only the 
light beam penetrates the eye. 

The method to ablate sclera using 
pulsed visible light, originally de- 
scribed by Latina and coworkers,” is 
termed dye-enhanced scleral ablation. 
This technique consists of three essen- 
tial elements. First, it is necessary to 
enhance the optical absorption of 
sclera to selected visible wavelengths 
using an exogenously applied dye be- 
cause sclera absorbs poorly in the visi- 
ble region. The dye used to enhance 


Fig 7.—Photomicrograph of ab-interno laser sclerostomy in the rabbit. Laser parameters are 1.5 A gtis ; , 
het a 75 md ioe spot diameter, and seven pulses to perforate. Internal ostium (IO) the absorption of visible light is 1% 
measured 550 um, and external ostium (E), 175 Tne Cove ob tneppad dapaye pavyed ppop methy lene blue solution with absorp- 
+" 7o <""” um (arrows). AC indicates anterior chamber, and SC, subconjunctival space (hemo- tion peaks at 610 and 668 nm. Using a 
toxylin-eosin, original magnification x 100). tissue spectrometer with a large-area 
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photodiode, the attenuation coeffi- 
cients of undyed sclera (600-m thick- 
ness) ranged from 40cm ‘ to 20 em“ in 
the visible region. Application of meth- 
ylene blue dye increases the attenua- 
tion coefficient to at least 130cem™ at 
600 to 700 nm.” 

Second, the laser selected for this 
study offers a choice of wavelengths. 
We used an emission wavelength of the 
pulsed-dye laser at 666 nm, which is 
closely matched to the 668-nm absorp- 
tion peak of the exogenous dye. This 
wavelength matching maximizes ab- 
sorption of the laser radiation by the 
dyed sclera, thereby reducing the 
threshold energy for ablation. With 
dye present within the sclera, ablation 
can occur at significantly lower ener- 
gies than would be required if no dye 
were present,” while simultaneously 
permitting transmission of the ablating 
light through the cornea at pulse ener- 
gy levels that are nondamaging. 

Third, the laser we used operates in 
a pulsed mode with a pulse duration 
ranging from 1.5 to 300 microseconds. 
These short pulse durations, shorter 
than the thermal relaxation time of the 
tissue (approximately 6 milliseconds 
for dyed sclera at 666 nm"), minimize 
collateral damage (ie, coagulation and 
charring) to surrounding tissue.” Mi- 
crosecond pulses can also produce rap- 
id rises in temperature in tissue, with 
vaporization of tissue and the forma- 
tion of acoustic transients.” 

The technique of iontophoresis is 
used to attain focal deposition of the 
absorbing dye in the sclera. While 
absorbing substances, such as India 
ink’ or argyrol,” have been used to 
increase the optical absorption of 
sclera, these substances had to be in- 
jected into the sclera. The advantage 
of methylene blue is that it allows 
noninvasive iontophoresis to be used to 
introduce the dye into tissues. Ionto- 
phoresis is used clinically to administer 
anesthetics,” antibiotics,” steroids,” 
and fluorescein.” The physiochemical 
characteristics of methylene blue dye 
are ideal for iontophoresis since it is a 
positively charged ionized dye with 
low molecular weight (542 d) and good 
water solubility. These characteristics 
permit the dye to readily enter the 
sclera and remain localized by binding 
to negatively charged molecules, 
which are primarily extracellular ma- 
trix and scleral collagen. Furthermore, 
the currents used, 0.3 to 0.4 mA, 
caused no discomfort and were well 
tolerated. By comparison, higher cur- 
rents, of 1 to 2 mA, have been used for 
iontophoresis of fluorescein.” 

Clinically performing a laser scleros- 
tomy in vivo is a compromise between 
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scleral perforation and minimizing col- 
lateral damage to surrounding tissues 
resulting from both thermal and acous- 
tic effects. We elected to study only 
the 1.5- and 20-microsecond pulse du- 
rations in vivo based on the in vitro 
data. As demonstrated from the in 
vitro studies performed on excised hu- 
man sclera, the ablation efficiency in- 
creased with shorter pulse durations. 
According to heat conduction the- 
ory,” at longer pulse durations an 
increasing part of the energy is lost by 
thermal diffusion to the surrounding 
tissue before or during ablation. Thus, 
more energy is required to ablate the 
tissue, and thermal damage to sur- 
rounding tissue occurs. However, at 
shorter pulse durations the tempera- 
ture can rise more rapidly within the 
tissue. This results in more localized 
tissue vaporization and more precise 
and efficient tissue removal with little 
transfer of heat to surrounding tissues. 
Thus, as demonstrated in our in vitro 
and in vivo studies, fewer pulses were 
required to perforate sclera at shorter 
pulse durations. 

Irradiances of 10° to 10° W/cm” are 
achieved using the microsecond- 
pulsed-dye laser. These irradiances 
are at least one order of magnitude 
lower than those achieved using the Q- 
switched Nd-YAG laser with nanosec- 
ond pulses. Optical breakdown and 
plasma formation, necessary for using 
Q-switched laser pulses, occur at irra- 
diances of 10° W/cm? or greater,” 
which results in photodisruption of tis- 
sue rather than thermal ablation. At 
longer pulse durations, as seen with 
continuous-wave lasers (eg, Nd-YAG 
or argon-ion), irradiances decrease to 
10' W/cm’. Longer pulse widths, of 0.2 
to 0.5 seconds, were used by L’Esper- 
ance’ to perform ab-interno sclerosto- 
mies with an argon laser in combina- 
tion with india ink injected into the 
sclera. This procedure, termed inter- 
nal laser trabeculosclerostomy, result- 
ed in gross shrinkage of sclera with 
corneal edema. While a disadvantage 
of a long pulse is a larger zone of 
thermal damage, the disadvantage of a 
shorter pulse duration is a greater 
acoustic effect. At 1.5-microsecond 
pulse duration, the rabbit iris undulat- 
ed following the first one to two 
pulses, indicating that the acoustic ef- 
fect at this pulse duration could poten- 
tially be clinically significant. How- 
ever, we observed no clinical 
complications from this acoustic effect 
in vivo. 

The size of the fistula created by the 
laser may be of importance to long- 
term function. In our in vitro study, a 
200-um incident spot diameter pro- 


duced a mean fistula of 300 um, with a 
range from 250 to 400 um. The fistula 
size in vivo also averaged 300 um even 
with a 100-um incident spot diameter. 
To attain a fistula larger than the 
incident spot diameter, tissue vapor- 
ization may be occurring, not only in 
the direction of the laser beam but also 
radial to the beam. By comparison, 
Javitt and coworkers,” using a 200-um 
sapphire optical probe in conjunction 
with a continuous-wave Nd-YAG la- 
ser, reported a mean fistula diameter 
of 120 um in rabbits. Higginbotham et 
al,” using a technique similar to Javitt 
et al, reported that Nd-YAG laser 
sclerostomies in rabbits functioned sig- 
nificantly longer than conventional 
thermal sclerostomies, suggesting 
these ab-interno laser fistulas are at 
least as functional as those created by 
conventional filtration surgery. Also, 
long-term follow-up in patients who 
have undergone Q-switched Nd-YAG 
laser sclerostomies” has shown pro- 
longed function for up to 2 years, with 
fistulas measuring 300 to 400 ym. This 
indicates that fistulas of this size can 
be clinically effective at maintaining 
prolonged intraocular pressure reduc- 
tion. 

The total energy to produce a full- 
thickness sclerostomy ranged from 0.3 
to 3.0 J, with spot diameters of 100 to 
200 um; shorter pulse durations and 
greater pulse energies required less 
total energy. Full-thickness perfora- 
tion could be attained in as few as 
three pulses, at a pulse duration of 1.5 
microseconds and a pulse energy of 100 
mJ. By comparison, March and asso- 
ciates,” using a similar approach with a 
Q-switched Nd-YAG laser, required 
many more pulses with total energies 
of up to 26.7 J. Total energies reported 
using contact methods, such as the 
continuous-wave Nd-YAG with a sap- 
phire probe,” high-powered argon en- 
dolaser,’ or argon laser emitting in the 
near UV spectrum,’ ranged from 1.2 to 
15 J. The energy per pulse averaged 
800 mJ, or four to eight times greater 
than that used in our study. While the 
consequences of delivering large 
amounts of energy to the eye are un- 
known, it is probably best to use as 
little energy as is feasible. 

The ab-interno approach also elimi- 
nates the need for conjunctival dissec- 
tion. This should decrease the stimulus 
for subconjunctival scarring, which can 
lead to bleb failure. Since the rabbit is 
such a poor model in which to study 
filtration long-term because of the exu- 
berant scarring response, we did not 
extensively investigate the duration of 
filtration in this study. However, in 
four rabbits that were followed up for 
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up to 2 weeks, blebs were flat by 10 
days after surgery. This response is 
similar to the duration of bleb function 
seen in rabbits in which conventional 
filtration surgery is performed. Fur- 
thermore, an additional advantage of 
the ab-interno approach is the poten- 
tial for fewer complications from anti- 
metabolite therapy, such as fluoroura- 
cil, since conjunctival wound leaks 
would be eliminated. As Latina et al” 
previously demonstrated in monkeys, 
fluorouracil prolonged the function of 
blebs created with the pulsed-dye laser 
delivered via an optical fiber by at 
least 3 months.” 

The CGF goniolens used in this 
study was specifically designed to 
withstand high peak powers. It is the 
only lens that can be used for this 
procedure because standard acrylic 
lenses become pitted by the laser 
pulses. Also, the mirror angle is set at 
68° rather than the conventional 62° to 
ensure that the exit site of the scleros- 
tomy will be posterior to the conjuncti- 
val insertion. The lens also has an 
acrylic scleral flange that restricts tilt- 
ing and an opening to maintain eleva- 
tion of the conjunctiva.” 

While a variety of ab-interno filtra- 
tion procedures using either lasers**”” 
or mechanical devices” are presently 
under investigation, almost all of these 
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techniques require entry into the eye 
with either a fiberoptic or mechanical 
device through a limbal or corneal inci- 
sion and thus retain many of the risks 
associated with intraocular surgery. 

The major complication resulting 
from this laser filtration procedure in 
rabbits was inadvertent perforation of 
the conjunctiva or cornea when creat- 
ing the sclerostomy. Since the conjunc- 
tiva is also dyed with methylene blue, 
to avoid conjunctival perforation it is 
imperative that the conjunctiva be ele- 
vated in the dyed region with either 
saline or a viscoelastic agent, thereby 
maintaining distance between the dyed 
sclera and dyed conjunctiva. In our 
experiments, perforation of the con- 
junctiva occurred primarily because 
the dyed conjunctiva was compressed 
into the sclera by the goniolens, and 
corneal perforation resulted from mis- 
alignment of the CGF goniolens, a lens 
that was designed for the human eye. 
The only other complication was bleed- 
ing from the fistula site, which was 
self-limited and did not affect comple- 
tion of the procedure. 

We reported that we were able to 
perforate sclera in 70% to 80% of eyes. 
Our inability to perforate sclera in 
100% of eyes can be accounted for, in 
part, by variability in the anatomic 
configuration of the rabbit anterior 
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chamber. In some animals, the anteri- 
or chamber was extremely shallow, 
requiring us to direct the laser beam 
posteriorly such that ablation occurred 
at a very shallow angle to the external 
scleral surface without creating a full- 
thickness fistula. Once the laser en- 
counters undyed sclera, ablation ceas- 
es. This raises an important question 
about the performance of this proce- 
dure clinically since an inability to 
achieve scleral perforation could po- 
tentially result in a temporary eleva- 
tion of the intraocular pressure. 

The results of this study indicate 
that ab-interno filtration can be per- 
formed in rabbits using a pulsed-dye 
laser and goniolens approach. This la- 
ser filtration approach may permit out- 
patient filtration procedures. Human 
clinical trials are currently in progress. 
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Amelioration of Retinal Photic Injury 
in Albino Rats by Dimethylthiourea 


Sheridan Lam, MD; Mark O. M. Tso, MD; Daniela H. Gurne, PhD 


èe Light-induced formation of oxygen 
free radicals has been proposed as the 
underlying mechanism of photic retinal 
injury. We investigated the role of hy- 
droxyl radical in retinal photic injury by 
treating dark-adapted albino rats with 
intraperitoneal dimethylthiourea 3 hours 
before exposure to intense fluorescent 
light. Dimethylithiourea is a specific anti- 
oxidant against hydroxyl radical. We 
demonstrated that dimethyithiourea pen- 
etrates well into retinal tissue and has a 
half-life of approximately 19 hours. Mor- 
phologic differences between the control 
and dimethylthiourea-treated rats were 
not remarkable 6 hours after light expo- 
sure, but they became significant 6 and 
14 days after light exposure. Morphomet- 
ric studies showed that there was signifi- 
cantly better preservation of photorecep- 
tor nuclei in dimethylthiourea-treated 
rats 6 and 14 days after light exposure. 


ree radicals are molecules with an 

odd number of electrons." When 
present in biological systems, free rad- 
icals can induce cellular injury through 
chain reactions.” Since mammals must 
live in an oxygen-rich environment, 
they may be vulnerable to free radicals 
generated from oxygen, ie, oxygen 
free radicals.” The oxygen free radicals 
consist of superoxide ion and hydroxyl 
radical.” Although singlet oxygen and 
hydrogen peroxide are not true radi- 
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Rhodopsin levels were significantly 
higher in the dimethylthiourea-treated 
rats 6 hours and 14 days after light 
exposure, while rhodopsin levels were 
comparable in the control and dimeth- 
ylthiourea-treated rats 6 days after expo- 
sure. The differences in morphometry 
and rhodopsin levels between the con- 
trol and dimethylthiourea-treated rats 
were statistically significant in relation- 
ship to dimethylthiourea treatment. The 
superior and temporal retinal quadrants 
appeared most vulnerable to photic inju- 
ry in control rats 6 and 14 days after light 
exposure. These findings indicate that 
dimethyithiourea ameliorates retinal pho- 
tic injury, and that hydroxyl radical plays 
an important role in mediating retinal 


photic injury. 
(Arch Ophthalmol. 1990;108:1751- 
1757) 


cals, they are important intermediates 
through which oxygen free radicals are 
generated and metabolized.*’ Singlet 
oxygen, superoxide ion, hydrogen per- 
oxide, and hydroxyl radical are all 
involved in cellular injury induced by 
oxygen free radicals.** 

Different types of cellular injury 
have been attributed to oxygen free 
radicals; they include inflammation, ir- 
radiation, and tissue injury induced by 
chemotherapeutic agents.” It has been 
proposed that light-induced oxygen 
free radicals may be the mediators in 
retinal photic injury.® This implies that 
scavengers of oxygen free radicals, ie, 
antioxidants, could ameliorate or even 
prevent retinal photic injury. 

Studies have demonstrated that 
antioxidants are effective in ameliorat- 
ing photic retinal injury. One group of 
investigators’’ showed that albino rats 
fed a diet supplemented with vitamin 
C, a naturally occurring antioxidant, 


suffered less damage from retinal pho- 
tic injury than those fed a normal diet. 
Ham et al” carried out similar experi- 
ments on Macaca mulatta monkeys 
using B-carotene as an antioxidant. 
Dimethylthiourea is an antioxidant 
that specifically scavenges the hydrox- 
yl radicals." Because of its high speci- 
ficity, dimethylthiourea has been used 
in investigating the role of hydroxyl 
radical in other types of tissue injury, 
such as pulmonary oxygen toxicity,” 
endotoxin-induced lung toxicity,” renal 
ischemia,” and paraquat toxicity.“ We 
herein report the pharmacokinetics 
and the effects of dimethylthiourea on 
photic retinal injury in albino rats. 


MATERIALS AND METHODS 


Pharmacokinetic Study of 
Dimethylthiourea 


Thirty-eight 50-day-old albino (Sprague- 
Dawley) rats received an intraperitoneal 
injection of dimethylthiourea, two at a dose 
of 300 mg/kg, 14 at a dose of 560 mg/kg, and 
22 at a dose of 750 mg/kg. Dimethylthiourea 
was dissolved in 0.9% sterile saline to a 
concentration of 62.5 mg/mL and buffered 
with sodium phosphate (pH 7.2). After the 
injection, the rats were anesthetized with 
ethyl ether, and blood samples and retinal 
tissues were obtained from them at differ- 
ent intervals (Table 1). Samples of blood 
were drawn into heparinized capillary 
tubes, and the plasma was separated from 
the blood with centrifugation at 10 000 revo- 
lutions per minute (rpm) for 3 minutes. 
Both eyes were enucleated, and the retina 
was then dissected from each eye and 
stored at — 20°C for rhodopsin analysis. The 
rhodopsin levels of each eye were later 
analyzed separately. The number of rats 
used at each time interval is shown in Table 
1. The rats were killed with an intracardiac 
injection of barbiturates. 

Dimethylthiourea was extracted from the 
plasma and the retinal tissues with ethanol. 
Plasma (0.2 mL) was added to 0.5 mL of 
absolute ethanol. The mixture was shaken 
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Tanp 1.—No. of Rats Killed at Different Intervals After Intraperitoneal Injection of 
Dimethylthiourea * 


Time After Injection 
Dose, oes a See, Ok Gae thik. k 


mg/kg 20 min 40 min th 


8h 23 h 31h 45h 


* Ellipses indicate not done. 


for 5 minutes and then centrifuged at 3000 
rpm at room temperature for 10 minutes. 
Two microliters or more of diluted superna- 
tant was injected with the mobile phase into 
the high-pressure liquid chromatography 
unit. 

After the frozen retinal tissue (5 to 12 
mg) was thawed, it was added to 0.2 mL of 
absolute ethanol. The mixture was then 
homogenized with an ultrasonic cell disrupt- 
er (Microson, Heat Systems Ultrasonics 
Inc, Farmingdale, NY) for 5 seconds in an 
ice bath. After centrifugation at 5000 rpm 
in a centrifuge (Eppendorf Netheler Hessig 
GmbH, Hamburg, Federal Republic of Ger- 
many) for 10 minutes, 10 pL or more of 
diluted supernatant was injected with the 
mobile phase into the high-pressure liquid 
chromatography unit. 

The high-pressure liquid chromatography 
unit consisted of a solvent delivery system 
(Model 510, Waters), an injector (Model 
U6K, Waters), a detector (100-30 UV-Vis, 
Hitachi), and an integrator (model C-RIB, 
Schimadzu). The absorbance was monitored 
at 240 nm. The 3.9-mm x 15-em column (C- 
18, Nova-Pak; 5 ym [Waters]) was eluted 
with 2% methanol-water solvent. The cali- 
bration graph for the dimethylthiourea 
standard was linear in the range of 20 to 
1000 ng. 


Induction of Retinal Photic Injury 


Twenty-four 35-day-old albino (Sprague- 
Dawley) rats were fed a normal diet and 
placed in 12-hour cyclic white fluorescent 
light with a uniform illumination of 54 lux 
for 14 days before experimentation. The 
rats were dark-adapted for 24 hours before 
they were exposed to intense light. Each 
session of light exposure was conducted in 
groups of four rats. Three hours before 
light exposure, in dim red-filtered light, 
two rats in each group received an intra- 
peritoneal injection of dimethylthiourea at a 
dose of 500 mg/kg" that was dissolved in 
0.9% sterile saline to give a concentration of 
125 g/L. The other two rats, used as con- 
trols, received intraperitoneal injections of 
sterile saline in equal volume. The rats 
were exposed to continuous intense green- 
filtered fluorescent light (Plexiglass No. 
2092 filter, Polycast Technology Corp, 
Stamford, Conn) for 24 hours with a wave- 
length range of 490 to 580 nm and an 
intensity range of 2152 to 2690 lux. Follow- 
ing light exposure, the animals were re- 
turned to the dark for the entire recovery 
period. 

The rats were killed after different 
lengths of recovery: eight at 6 hours, eight 





at 6 days, and eight at 14 days after light 
exposure. Each of these recovery groups 
consisted of four control and four dimeth- 
ylthiourea-treated rats. After enucleation, 
the right eyes were used for rhodopsin 
measurements, and the left eyes were fixed 
in buffered 4% formaldehyde and 1% glutar- 
aldehyde to be used for morphometric and 
morphologic studies. 


Rhodopsin Measurement 


Immediately after enucleation, the right 
eye was halved through the equator. Both 
anterior and posterior segments were 
placed in a centrifuge tube (Beckman In- 
struments Inc, Fullerton, Calif), and the 
sample was homogenized by sonication (Mi- 
croson) in a 1.5% solution of polyoxyethy- 
lene 10 (Emulphogene BC-720, Sigma) dis- 
solved in phosphate-buffered solution (pH 
7.2, Krebs-Ringer). The sample was then 
centrifuged at 4.0°C and 20000 rpm for 20 
minutes. The absorbance of the resultant 
supernatant was analyzed spectrophoto- 
metrically (Lambda-7, Perkin-Elmer, 
Bucksfield, England). The supernatant was 
then bleached with intense white incandes- 
cent light (90 seconds of exposure), and its 
absorbance was reanalyzed. The rhodopsin 
level was calculated from the difference 
between the prebleached and postbleached 
spectral curves at 500 nm and was ex- 
pressed in nanomoles per eye by using 
molar absorptivity of rhodopsin of 
4.0 x 10’/mol per centimeter. 


Morphometric and Morphologic Studies 


After enucleation, the left eye of each rat 
was placed in buffered formaldehyde-glu- 
taraldehyde fixative for 3 hours. The anteri- 
or segment was removed, and the posterior 
segment was divided into superior, nasal, 
inferior, and temporal quadrants under a 
dissecting microscope. The specimens ob- 
tained from each quadrant were then osmi- 
cated, processed, sectioned, and stained for 
light and electron microscopy. To assess the 
photoreceptor cells quantitatively, the 
numbers of photoreceptor nuclei per verti- 
cal column in the outer nuclear layer were 
counted, in a masked fashion, at 0.178-mm 
intervals with an eyepiece micrometer at 
x 40 magnification. All four quadrants were 
counted, and results were tabulated and 
plotted. Our morphometric method has 
been previously described.” 

Data collected from rhodopsin measure- 
ments and morphometric studies were ana- 
lyzed by two-way analysis with a fixed- 
effects model.” All procedures involving 
animals were performed according to poli- 
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Fig 1.—Pharmacokinetics of a single 560- 
mg/kg intraperitoneal injection of dimethylthi- 
ourea in rat plasma and retina. The concen- 
tration of dimethylthiourea is expressed in 
grams per liter for plasma and milligrams per 
gram of wet tissue for retina. Each point rep- 
resents the average value of dimethylthi- 
ourea concentrations at a given time. Vertical 
bars represent 1 SD; solid line, retina; and 
dotted line, plasma. 


cies set forth in the Association for Re- 
search in Vision and Ophthalmology resolu- 
tion on the use of animals in research. 


RESULTS 


Pharmacokinetic Studies of 
Dimethylthiourea 


After a single peritoneal injection of 
dimethylthiourea at a dose of 560 
mg/kg, levels in the plasma and retinal 
tissue peaked at approximately 2 
hours, and the half-life of dimethylthi- 
ourea was approximately 19 hours in 
both plasma and retinal tissue (Fig 1). 
The maximal levels of dimethylthi- 
ourea reached in plasma and retinal 
tissue were 420 mg/L and 480 ug/g of 
wet tissue, respectively. Similarly, af- 
ter a single intraperitoneal injection of 
dimethylthiourea at a dose of 750 
mg/kg, the plasma and retinal levels 
peaked at approximately 2 to 3 hours, 
and the half-life was approximately 19 
hours (Fig 2). Maximal levels of di- 
methylthiourea were 650 mg/L in the 
plasma and 780 pg/g of wet tissue in 
the retina. 

The dimethylthiourea levels in plas- 
ma and retinal tissue increased lin- 
early with increasing dosages of intra- 
peritoneal injection of dimethyl- 
thiourea (Fig 3). 


Morphologic and Morphometric Studies 


At 6 hours after light exposure, the 
retina showed comparable findings in 
both control and dimethylthiourea- 
treated rats (Figs 4, top left and right, 
and 5). The retinal pigment epithelial 
(RPE) cells contained a few phago- 
somes filled with outer segment de- 
bris. Outer segments remained aligned 
(Fig 4, top left and right). There were 
mitochondrial densifications (Fig 5) in 
the inner segments of photoreceptors. 
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Fig 2.—Pharmacokinetics of a single 750- 
mg/kg intraperitoneal injection of dimethylthi- 
Ourea in rat plasma and retina. The concen- 
tration of dimethylthiourea is expressed in 
milligrams per milliliter for plasma and milli- 
grams per gram of wet tissue for retina. Each 
point represents the average value of dimeth- 
ylthiourea concentrations at a given time. 
Vertical bars represent 1 SD; solid line, retina; 
and dotted line, plasma. 
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0 200 400 600 800 
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Fig 3.—Dose-dependent uptake of dimeth- 
ylthiourea in rat retina and plasma. The con- 
centration of dimethylthiourea is expressed in 
grams per liter for plasma and milligrams per 
gram of wet tissue for retina. The two highest 
data points of retina and plasma levels are 
from Figs 1 and 2 (the maxima). The lowest 
data points are from two rats injected with 300 
mg/kg of dimethylthiourea intraperitoneally. 
The rats were killed 2 hours after injection, 
and the levels of dimethylthiourea in plasma 
and retina were measured. Solid line repre- 
sents retina, and dotted line, plasma. 


Focal nuclear pyknosis (Figs 4, top left 
and right, and 5) was seen in the outer 
nuclear layer. The Miiller cell process- 
es did not appear swollen (Fig 5). 

Six days after light exposure (Figs 
4, center left and right, and 6), the 
RPE cells in the control rats appeared 
actively phagocytic and their cyto- 
plasm was packed with phagosomes 
that were filled with outer segment 
debris (Fig 6, left). The controls 
showed moderate loss of photoreceptor 
nuclei and disorganization of outer seg- 
ments (Fig 4, center left), and the 
Miiller cell processes appeared swol- 
len. In the dimethylthiourea-treated 
rats, the RPE cells showed only occa- 
sional phagosomes containing outer 
segment debris; however, mild cyto- 
plasmic swelling was noted in some of 
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Fig 4.—Representative sections (Superior quadrants) from rat retinas after light exposure 
(original magnification x 280). Top left, Retina from a control rat 6 hours after light exposure 
shows scattered pyknotic nuclei and densifications in inner segments. Top right, Retina from a 
rat treated with dimethylthiourea 6 hours after light exposure exhibits similar findings. Center 
left, Six days after light exposure, a control rat shows extensive loss and disorganization of outer 
segments, and the outer nuclear layers are attenuated, with the inner segments closely proximal 
to retinal pigment epithelium. Center right, In comparison, 6 days after light exposure, a 
dimethylthiourea-treated rat exhibits focal loss of outer segments with drop-down of nuclei from 
the outer nuclear layer. Bottom left, Retina from a control rat 14 days after light exposure 
demonstrates severe loss of outer segments and photoreceptor nuclei. The retinal pigment 
epithelium also shows focal loss. Bottom right, Retina from a dimethylthiourea-treated rat 14 
days after light exposure shows good preservation of photoreceptor nuclei. The outer nuclear 
layers are thicker and the outer segments appear better preserved. 


the RPE cells (Fig 6, right). The outer 
segments in the dimethylthiourea- 
treated rats were generally well pre- 
served, showing only scattered areas 
of disruption (Fig 4, bottom right). The 
Miiller cell processes showed less 
swelling in the dimethylthiourea-treat- 
ed rats. Macrophages were seen in the 


outer segments of the controls and 
dimethylthiourea-treated rats. The 
outer segments of dimethylthiourea- 
treated rats appeared considerably 
longer than those of controls (Fig 4, 
center left and right). 

Fourteen days after light exposure - 
(Figs 4, bottom left and right, and 7) in 
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Fig 5.—Morphologic findings 6 hours after light exposure (original magnification x 4000). Left, 
Inner segments of the photoreceptors from a control rat, and right, those from a rat treated with 
dimethylthiourea both demonstrate densifications of mitochondria. A few pyknotic nuclei are 
also noted in the outer nuclear layer of the dimethylthiourea-treated rat. The Müller cell 
processes do not appear swollen in either rat. 





Fig 6.—Morphologic findings 6 days after light exposure (original magnification x 4000). Left, 


The retinal pigment epithelium from a control rat shows heavy cytoplasmic congestion with 
phagosomes filled with outer segment elements; the overlying outer segments are severely 
attenuated and show severe distortion. Right, In comparison, the retinal pigment epithelium 
from a rat injected with dimethylthiourea shows mild cytoplasmic swelling and contains only a 
few phagosomes; the overlying outer segments show good alignment. 


the control rats, some of the RPE cells 
were absent (Fig 4, bottom left), while 
the remaining RPE cells demonstrated 
loss of basal infoldings (Fig 7, left). 


1754 


There were occasional phagosomes in 
the RPE cells. Severe to complete loss 
of outer segments (Fig 4, bottom left) 
and moderate thinning of the outer 
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nuclear layer were apparent in the 
control rats. In dimethylthiourea- 
treated rats, the RPE cells exhibited 
focal loss but were largely intact as a 
monolayer, showing preservations of 
basal infoldings and cell junctions (Fig 
7, right). Occasional phagosomes were 
seen in the RPE cells. Most of the 
outer segments remained present in 
the dimethylthiourea-treated rats (Fig 
4, bottom right), although they were 
focally shortened and disrupted. 

There was significant variability in 
the severity of damage in different 
locations in the individual rats. To 
assess the retinal photic damage quan- 
titatively, a systematic cell count was 
carried out (see “Materials and Meth- 
ods” section). The mean numbers of 
photoreceptor nuclei per column in 
both control and dimethylthiourea- 
treated rats were tabulated (Table 2). 
The mean values of photoreceptor nu- 
clei showed that there were fewer 
photoreceptor nuclei in the control 
groups, and the difference was most 
marked in the 6-day and 14-day recov- 
ery groups. Two-way analysis of 
variance showed that the number of 
photoreceptor nuclei per column 
was statistically significantly related 
to the dimethylthiourea treatment 
(P=.0005), whereas recovery time did 
not appear to relate significantly to the 
number of photoreceptor nuclei per 
column. 

To examine quadrantal differences 
in photoreceptor cell loss, the mean 
number of cell nuclei per column was 
calculated for each retinal quadrant for 
each recovery group (Table 3). The 
greatest differences in photoreceptor 
nuclei per column between the control 
and dimethylthiourea-treated rats 
were in the superior and temporal 
quadrants in the 6-day and 14-day re- 
covery groups (Table 8). 


Rhodopsin Measurement 


To correlate biochemical analysis 
with morphologic studies, rhodopsin 
levels were measured (see “Materials 
and Methods” section). Five additional 
eyes were obtained from rats that had 
been dark-adapted for 24 hours, to 
determine the rhodopsin levels before 
light exposure. Marked differences in 
rhodopsin levels were noted between 
control and dimethylthiourea-treated 
rats in the 6-hour and 14-day recovery 
groups, but the rhodopsin levels ap- 
peared comparable between control 
and dimethylthiourea-treated rats in 
the 6-day recovery group. The mean 
rhodopsin levels are tabulated in Table 
4. Two-way analysis of variance 
Showed that dimethylthiourea treat- 
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a 


ment (P<.05) was significantly related 
to the rhodopsin levels. 


COMMENT 


Dimethylthiourea has been shown to 
be an avid and specific scavenger of 
hydroxyl radicals." Dimethylthiourea 
has no activities against superoxide ion 
and scavenges hydrogen peroxide only 
minimally.” Compared with other hy- 
droxyl radical scavengers (eg, manni- 
tol” and ethanol’), dimethylthiourea 
appears to be the most potent and 
relatively nontoxic." In the aqueous 
environment, dimethylthiourea exists 
in two tautomeric forms, keto and 
enol." The enol form is believed to be 
directly responsible for scavenging the 
hydroxy] radicals. 

Our pharmacokinetic studies have 
shown that dimethylthiourea pene- 
trates well into the retinal tissue and 
can reach a retinal tissue-plasma ratio 
slightly greater than 1. Plasma and 
retinal levels of dimethylthiourea 
peaked approximately 2 to 3 hours 
after intraperitoneal injection. It is of 
interest to note that thiourea, a close 
derivative of dimethylthiourea, can 
also reach an aqueous-plasma ratio 
close to 1.“ Therefore, dimethylthi- 
ourea and thiourea appear to cross the 
blood-retinal barrier freely, and are 
likely to gain access to cytosol and 
mitochondria of the RPE and 
photoreceptors. 

According to our results, the half- 
life of dimethylthiourea in plasma and 
retina is approximately 19 hours; how- 
ever, Fox" reported that in rats, di- 
methylthiourea has a half-life of ap- 
proximately 35 hours. This dis- 
crepancy in half-life may be due to the 
differences in methods between the 
two studies. 

Our studies demonstrated that plas- 
ma and retinal dimethylthiourea levels 
peak approximately 2 hours after in- 
traperitoneal injection and that plasma 
and retinal levels of dimethylthiourea 
correlate directly and linearly with the 
dosages of injection. 

When we examined the rats 6 hours 
after exposure, similar morphologic 
findings were seen in both the control 
and the dimethylthiourea-treated rats. 
The average number of photoreceptor 
nuclei per column was comparable be- 
tween control and dimethylthiourea- 
treated rats in the 6-hour recovery 
group. However, rhodopsin analysis 
revealed that in the 6-hour recovery 
groups, the levels of rhodopsin were 
statistically significantly higher in the 
dimethylthiourea-treated rats than in 
the controls. This implies that the dif- 
ference in rhodopsin levels between 
the control and dimethylthiourea- 
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The retinal pigment epithelium from a control rat shows loss of basilar infoldings and pseudopod 
formation (R,, Rọ, and R,), evidence of lateral migration. The cytoplasm of one of the retinal 
pigment epithelial cells appears swollen, and the overlying outer segments lie in direct apposi- 
tion to the retinal pigment epithelium. Right, In contrast, the retinal pigment epithelium from a rat 
injected with dimethylthiourshows good preservation of basilar infoldings and intracellular 

junctions. Although there is loss of the outer segments, they seem to be better preserved than 


those in the control rat. 


Table 2.—Photoreceptor Nuclei per Column* 


Recovery Time 


——— nn eee ne  _ _ __e_e_a—OavVXnXnXn 
6d 


Control 7.73 = 1.44 6.72 + 2:32 6.50 + 3.41 
Dimethylthiourea-treated 8.49 + 2.07 9.61 + 2.15 9.55 + 2.38 


*Values are means + SDs. 





Table 3.—Mean Numbers of Photoreceptor Nuclei per Column in Different Quadrants* 


No of Nuclei 


p , 


Recovery 


Time Quadrant Control 


Superior 
Nasal 
Inferior 
Temporal 
Superior 
Nasal 
Inferior 
Temporal 
Superior 
Nasal 
Inferior 
Temporal 
“Values are means + SDs. 


I+ 


I+ | I+ [i+ [i+ [+ J J 14 J 4 4 TA + 


tindicating the greatest mean differences. 


Dimethylthiourea- 


treated Mean Difference 


7.53 + 2.06 
8.35 + 2.02 
8.80 + 1.88 
1.96 
2.32 
2.15 
2.15 
1.99 
2.60 
1.77 
2.38 
9.29 + 2.70 
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Table 4.—Mean Rhodopsin Levels (+ SD) Before Light Exposure and After Different 
Lengths of Recovery” 


Recovery Time 
-_ -’oOO]37O}) SSS 0 ——— 
6h 6d 14D 
0.62 + 0.36 0.88 + 0.16 1.01 + 0.40 
1.09 + 0.37 0.82 + 0.70 1.76 + 0.51 


*Values are nanomoles per eye. Ellipses indicate not done. 





Preexposure 
2.27 + 0.17 

























Control 
Dimethyithiourea-treated 








treated rats preceded any detectable 
morphometric or morphologic differ- 
ences between them. 

The rhodopsin levels in the control 
and dimethylthiourea-treated rats 
were comparable in the 6-day recovery 
group, whereas the morphologic and 
morphometric differences between 
them were marked. The rhodopsin lev- 
els in the dimethylthiourea-treated 
rats appear to have reached a mini- 
mum 6 days after light exposure. This 
is similar to the results of Organisciak 
et al,* who observed that the rhodopsin 
levels in rats fed a diet supplemented 
with vitamin C declined to a minimum 
6 to 7 days after light exposure. The 
exact cause of this phenomenon is cur- 
rently unknown. However, a clue to a 
better understanding of this phenome- 
non may lie in the observation that 
there were many macrophages cluster- 
ing in the outer segments of the con- 
trol and dimethylthiourea-treated rats 
6 days after light exposure, indicating 
an influx of macrophages from the 
circulation into the retina at that time. 
These macrophages probably were ac- 
tively ingesting the cellular debris that 
resulted from photic injury. Macro- 
phages are also capable of generating 
oxygen free radicals, and could injure 
the outer segments of viable photore- 
ceptors and impair the photoreceptor 
cells’ ability to produce rhodopsin. Lit- 
tle regeneration of outer segments was 
seen at this time in both the control 
and dimethylthiourea-treated rats. 

Significant morphologic differences 
exist between the control and dimeth- 
ylthiourea-treated rats in the 14-day 
recovery groups. Morphometric analy- 
sis showed that, in the 14-day recovery 
group, the average number of photore- 
ceptor nuclei per column was statisti- 
cally significantly greater in the di- 
methylthiourea-treated rats than in 
the control rats. Rhodopsin analysis 
also demonstrated that, in the 14-day 
recovery groups, the rhodopsin levels 
in dimethylthiourea-treated rats were 
statistically significantly higher than 
those in the control rats. 

By comparing cell counts in different 
retinal quadrants, we also noted that, 
in the 6- and 14-day recovery groups, 


the superior and temporal quadrants 
appeared most vulnerable to photore- 
ceptor nuclear loss in retinal photic 
injury. This finding is consistent with 
the results of Li et al.° 

Since the half-life of dimethylthi- 
ourea is approximately 19 hours, it is 
likely that the scavenging action of 
dimethylthiourea was most effective 
during light exposure and the early 
phase of the recovery period. Howev- 
er, the retinal injury in rats treated 
with dimethylthiourea has diminished 
in both the early and the late phases of 
the recovery period after light 
exposure. 

It is possible that the ameliorative 
effect of dimethylthiourea at the early 
phase of photic injury also influences 
the recovery mechanisms. Since di- 
methylthiourea is an antioxidant that 
most effectively scavenges the hydrox- 
yl radicals, our findings further sug- 
gest that the hydroxyl radical is an 
important mediator in photic retinal 
injury. Hydroxyl radicals are generat- 
ed from superoxide ions and hydrogen 
peroxide through chemical reactions 
catalyzed by iron (eg, Haber-Weiss 
and Fenton reactions).*" We thus infer 
that superoxide ion, hydrogen perox- 
ide, and iron may also be involved in 
the pathogenesis of photic retinal inju- 
ry. Li et al” have reported that albino 
rats treated with intraperitoneal de- 
feroxamine mesylate, an iron chelator, 
suffered less damage from retinal pho- 
tic injury than did the untreated rats. 

The mechanisms by which light gen- 
erates oxygen free radicals in retinal 
tissue have not yet been clearly delin- 
eated. Photo-oxidation has been pro- 
posed as a possible mechanism.” Pho- 
to-oxidation is a chain reaction that 
starts with photic excitation of an in- 
tracellular sensitizer (eg, chlorophyll, 
hematoporphyrins, and flavins) from 
the ground to the singlet state, then 
degenerates to the triplet state. In its 
triplet state, the sensitizer may follow 
one of two chemical pathways. In the 
first pathway, non-oxygen free radi- 
cals are produced through hydrogen or 
electron transfer. In the second path- 
way, superoxide ions and singlet oxy- 
gen are generated through electron 
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transfer and transfer of energy excita- 
tion, respectively. Some of the super- 
oxide ions are then converted into hy- 
drogen peroxide by superoxide 
dismutase. With the presence of super- 
oxide ions and hydrogen peroxide, hy- 
droxyl radicals can then be generated 
through Haber-Weiss and Fenton re- 
actions. Singlet oxygen, superoxide 
ion, hydrogen peroxide, hydroxyl radi- 
cal, and possibly other free radicals can 
all induce damage to cellular mem- 
branes through lipid peroxidation. *”” 

Sensitizers, such as flavoproteins, 
are present in abundance in the elec- 
tron transport chain in the mitochon- 
dria,” which may be one of the many 
sites where singlet oxygen, hydrogen 
peroxide, and oxygen free radicals are 
initially generated in the mitochondria. 
Mitochondrial densifications present in 
the photoreceptors in the 6-hour recov- 
ery group could be secondary to this 
process. The chain reactions that start- 
ed in the mitochondria would then 
progress to involve the nuclei and the 
outer segments of the photoreceptors, 
leading to nuclear pyknosis and de- 
struction of the outer segment lamel- 
lae. Since outer segments of photore- 
ceptors are rich in polyunsaturated 
fatty acids,” membranes of the outer 
segments are vulnerable to lipid perox- 
idation. The outer segment debris 
would then be ingested by macro- 
phages or RPE cells. 

After the initial injury to the photo- 
receptors by light, the retina appears 
to undergo a reparative phase during 
which cellular debris from the photic 
retinal injury is ingested by macro- 
phages. The macrophages could also 
injure outer segments of viable photo- 
receptors. This reparative phase prob- 
ably lasts through the first week of 
recovery. By the end of the second 
week of recovery, the retina enters a 
recovery phase marked by increased 
production of rhodopsin in the viable 
photoreceptors. 

In conclusion, through pharmacoki- 
netic, morphologic, and morphometric 
studies, and rhodopsin analysis, we 
have shown that dimethylthiourea 
penetrates retinal tissue well and is 
ameliorative in photic retinal injury in 
albino rats. Since dimethylthiourea is a 
specific scavenger of hydroxy] radical, 
we suggest that hydroxyl radical is 
crucially involved in mediating photic 
retinal injury. 
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Topical Fibronectin and Aprotinin for 
Keratectomy Wound Healing in Rabbits 


Hélène M. Boisjoly, MD; Ran Sun, MD, MSc; Marcelle Giasson; André Beaulieu, MD 


è We evaluated the effect of fibronec- 
tin (an adhesive protein) and aprotinin (a 
protease inhibitor) as single or combined 
topical therapies for primary healing and 
prevention of recurrent corneal epithelial 
defects in the rabbit keratectomy wound 
model. The biological activity of the pre- 
pared solutions of rabbit plasma fibro- 
nectin (0.6 g/L) was suggested by in vitro 
assays of rabbit corneal epithelial cell 
adhesion and gelatin-binding affinity. In 
the first experiment, we compared fibro- 
nectin, albumin (a control nonadhesive 
protein), and saline. In the second and 
third experiments, fibronectin supple- 
mented with aprotinin, aprotinin alone, 
and saline were compared; aprotinin was 
used at concentrations of 40 and 1000 
kallikrein inactivating units (KIU) per mil- 
liliter. Our results suggest that topical 
fibronectin, 0.6 g/L, as well as aprotinin 
at 40- and 1000-KIU/mL concentrations, 
given alone or in combination, neither 
promote corneal epithelial wound heal- 
ing nor prevent recurrent corneal epithe- 


lial defects in rabbit keratectomy 
wounds. 

(Arch Ophthalmol. 1990;108:1758- 
1763) 


ibronectin, an extracellular matrix 

protein with cell adhesion and mi- 
gration properties,’ is identified as a 
potential promoter of corneal surface 
wound healing. Endogenous fibronec- 
tin is present during the healing of 
corneal epithelial wounds as demon- 
strated by immunohistologic observa- 
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tions.” Although surface and plasma 
fibronectin are not identical com- 
pounds,’ topical plasma fibronectin ap- 
pears to promote healing in reported 
cases of patients with persistent corne- 
al epithelial defects.” The usefulness 
of fibronectin supplements for treat- 
ment of persistent or recurrent corneal 
epithelial defects remains to be proved 
with controlled clinical trials. 

Fibronectin is highly sensitive to 
cleavage by proteases." Activation of 
plasminogen with its conversion to 
plasmin by cell-derived plasminogen 
activators generates a wide spectrum 
of proteolytic activity. High tear le- 
vels of plasmin in patients with persis- 
tent corneal epithelial defects are de- 
creased with topical aprotinin (a potent 
serine protease inhibitor) given at con- 
centrations varying from 20 to 40 kalli- 
krein inactivating units (KIU) per mil- 
liliter. ‘ 

In animals, controversial observa- 
tions are obtained with scraped wound 
and alkali-burn wound models regard- 
ing the effect of topical plasma fibron- 
ectin for corneal wound healing." Re- 
cent studies suggest that keratectomy 
may provide a better model, compared 
with these two models, for the evalua- 
tion of the effects of different treat- 
ments on corneal epithelial wound 
healing.’ The keratectomy wound re- 
quires that epithelial cells migrate 
over stromal collagen, which is not an 
optimal substrate. It can be hypothe- 
sized that keratectomy wound reepith- 
elialization may be dependent on fi- 
bronectin. However, plasma fibronec- 
tin was not found to accelerate the 
in vitro reepithelialization of rabbit 
corneal explants with keratectomy 
wounds." We elected to evaluate the 
effects of topical plasma fibronectin 
given alone or supplemented with low 
(40- KIU/mL) and high (1000-KIU/mL) 
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concentrations of aprotinin for primary . 
wound healing and prevention of re- 
current epithelial defects in the rabbit 
keratectomy wound model. 


MATERIALS AND METHODS 
Experimental Procedure 


This investigation using rabbits adheres 
to the Canadian Council on Animal Care 
guidelines regarding the use of animals in 
research. Three experiments were conduct- 
ed on a total of 90 eyes. In each experiment, 
30 New Zealand white rabbits weighing 2 to 
2.5 kg were anesthetized with an intramus- 
cular injection of 0.6 mL/kg of body weight 
of a mixed solution of ketamine hydrochlo- 
ride (100 g/L) and xylazine (20 g/L) and 
topical application of 0.5% proparacaine hy- 
drochloride. Unilateral central corneal epi- 
thelial defects were created with a 10-mm 
middepth trephination followed by a super- 
ficial keratectomy performed with visual- 
ization under the operating microscope. A 
rim of corneal epithelial cells measuring 
approximately 2 mm in width was left for 
resurfacing of the defect. The eyes were 
divided randomly into three treatment 
groups of 10 eyes. The surgeon was masked 
as to the assigned treatment group. Rabbits 
with corneas that perforated at the time of 
wounding were killed and excluded from 
the study. 

Treatments were given five times daily 
for 15 days in the first and third experi- 
ments and for 12 days in the second experi- 
ment. In the first experiment, either fi- 
bronectin, albumin (a control nonadhesive 
protein’”’’), or saline was delivered. In the 
second experiment, either fibronectin sup- 
plemented with 40 KIU/mL of aprotinin, 40 
KIU/mL of aprotinin alone, or saline was 
given. The 40-KIU/mL concentration was 
chosen because of the preliminary human 
data reported with this concentration.’ In 
the third experiment, either fibronectin 
supplemented with 1000 KIU/mL of apro- 
tinin, 1000 KIU/mL of aprotinin alone, or 
saline was delivered. The 1000-KIU/mL 
concentration was chosen because pre- 
liminary studies suggested that at 1000 
KIU/mL, as opposed to 10000 KIU/mL, 
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aprotinin does not cause ocular surface tox- 
icity with hyperemia and chemosis when 
given five times daily. Ten percent sulface- 
tamide sodium (Bleph-10, Allergan Phar- 
maceuticals Ine, Irvine, Calif), which con- 
tains 0.005% thimerosal as a preservative 
agent, was also given twice daily to all eyes 
to prevent bacterial superinfections. The 
antibiotic was instilled 1 hour after a fibron- 
ectin treatment to limit potential interac- 
tions with fibronectin and aprotinin. Defect 
measurements were done by a masked ob- 
server by computerized planimetry with 
a digitizing system (Hewlett-Packard, 
IRISCO, Québec, Québec) on daily photo- 
graphs of fluorescein-stained epithelial 
defects. 


Preparation of Treatment Solutions 


The following phosphate-buffered solu- 
tion (PBS) was used as the control saline 
solution, the vehicle for fibronectin, albu- 
min, and aprotinin, and the washing solu- 
tion for the in vitro cell adhesion assay: 
sodium chloride, 13.7 mmol/L; potassium 
chloride, 2.68 mmol/L; potassium phosphate 
monobasic, 1.47 mmol/L; and sodium phos- 
phate dibasic, 8 mmol/L, at a pH of 7.2. 

Rabbit plasma fibronectin was isolated by 
affinity chromatography using gelatin-cou- 
pled agarose gel (Sepharose). The elution 
was done under mild conditions according to 
a technique modified from Morgenthaler et 
al.” Fibronectin was dialyzed and ultrafil- 
tered to a final concentration of approxi- 
mately 0.6 g/L (0.60, 0.54, and 0.61 g/L 
in the first, second, and third experi- 
ments, respectively) with membrane cones 
(AMICON Division, WR Grace & Co, At- 
lanta, Ga) that cut off proteins of 50000 d 
molecular weight. This 0.6-g/L concentra- 
tion corresponds to the level of fibronectin 
found in human serum. ™ In the first experi- 
ment, 0.5% chlorobutanol (a preservative 
agent) was added to the fibronectin solu- 
tion, whereas in the second and third ex- 
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periments, fibronectin was used free of 
preservative. In a preliminary experiment, 
we had noted that rabbits tended to rub 
their eyes when aprotinin was prepared in a 
solution containing chlorobutanol. 

Five percent commercial rabbit serum 
albumin (Calbiochem, La Jolla, Calif) was 
stirred overnight with gelatin-coupled agar- 
ose gel (Sepharose) and centrifuged to 
eliminate all traces of possible fibronectin. 
In the first experiment, albumin was di- 
luted to a 0.6-g/L concentration and 0.5% 
chlorobutanol was added. 

Eyedrops containing 40 or 1000 KIU/mL 
of aprotinin were prepared from commer- 
cial aprotinin (Miles Pharmaceuticals, Rex- 
dale, Ontario). In the fibronectin-supple- 
mented-with-aprotinin groups, aprotinin 
was added directly to the fibronectin solu- 
tion in amounts adequate to obtain a final 
concentration of either 40 or 1000 KIU/mL. 


Purity and Biological 
Activity of Fibronectin 


Purity of fibronectin and albumin was 
controlled by sodium dodecyl sulfate—polya- 
crylamide gel electrophoresis. Absence of 
fibronectin in the albumin solution was veri- 
fied with immunoblotting performed with a 
goat anti-rabbit fibronectin antibody (Orga- 
non Teknika Ine [Cappel], Scarborough, 
Ontario). 

The biological activity of our solutions of 
fibronectin and fibronectin supplemented 
with 1000 KIU/mL of aprotinin, kept at 4°C 
during 4 days, was assessed with two ap- 
proaches. First, we determined, by an in 
vitro assay, that the number of adherent 
rabbit corneal epithelial cells to a fibronec- 
tin-coated plastic surface was a function of 
the amount of fibronectin added for coating. 
Second, we assessed the gelatin-binding 
affinity of fibronectin with an enzyme- 
linked immunosorbent assay. 

Rabbit corneal epithelial cells were cul- 
tured and subcultured as described by 
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Fig 1.—Epithelial wound healing curves of 10-mm keratectomy 
wounds treated with either 0.6-g/L fibronectin (solid circles), 0.6-g/L 
albumin (open squares), or saline (open circles)(10 eyes per treatment 
group). The three solutions were preserved with 0.5% chlorobutanol. 
Means + 95% confidence intervals are given. 


Jumblatt and Neufeld” with two modifica- 
tions. First, corneas were removed (within 
90 minutes of death) from the heads of 
pathogen-free albino rabbits, weighing 2 to 
3 kg, obtained from a local slaughterhouse. 
Second, confluent monolayers from 60-mm 
tissue culture dishes (Faleon, Becton Dick- 
inson Co, Lincoln Park, NJ) were split into 
three 75-mm° cell culture flasks (Costar, 
Cambridge, Mass). Cell adhesion was mea- 
sured with a technique modified from Cam- 
eron et al” and Ruoslahti et al.” After 4 
days in subculture, nonconfluent rabbit cor- 
neal epithelial cells were washed three 
times with PBS. Cells were detached, at 
37°C, with a combination of 0.05% trypsin 
and 0.53-mmol/L edetic acid (Gibco, Bur- 
lington, Ontario) and the reaction was 
stopped with Dulbecco’ modified Eagle 
medium with Ham’s medium prepared in a 
1:1 mixture (Gibco) supplemented with 10% 
fetal bovine serum.” Cells were centrifuged 
and washed twice with PBS. They were 
resuspended in unsupplemented Dulbecco's 
modified Eagle medium with Ham’s medi- 
um prepared in a 1:1 mixture. Healthy cells 
were counted by trypan blue exclusion and 
diluted to a final concentration of 1.5 x 10° 
cells per milliliter. As described by Ruos- 
lahti et al,” 96-well polystyrene nonpro- 
cessed plates were coated overnight at 4°C 
with increasing concentrations of fibronec- 
tin (ranging from 0.025 to 0.500 pg per well) 
diluted in 100-mmol/L sodium bicarbonate. 
The plates were washed three times. To 
block any nonspecific binding sites, the 
plates were then coated with 0.5% bovine 
serum albumin (100 uL per well) for 45 
minutes at room temperature.” After three 
washings to remove any residual unbound 
fibronectin, a 100-uL vol of Dulbecco’s 
modified Eagle medium with Ham’s medi- 
um prepared in a 1:1 mixture followed by 
the same volume of the rabbit corneal epi- 
thelial cell suspension was added to each 
fibronectin-coated plate. The plates were 
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thereafter incubated for 90 minutes at 37°C. 
After three washings with PBS to remove 
nonadherent cells, the adherent cells were 
fixed with 40 g/L of paraformaldehyde and 
stained with a solution combining 20 g/L of 
toluidine blue and 0.4 g/L of paraformalde- 
hyde. The toluidine blue adsorbance of cells 
was read at 570 nm with a microplate 
photometer (Molecular Devices, Palo Alto, 
Calif). 

The gelatin-binding affinity of fibronectin 
was assessed with a single antibody sand- 
wich enzyme-linked immunosorbent assay 
with the following modifications from the 
method described by Selmer et al.” A goat 
anti-rabbit fibronectin antibody (Organon 
Teknika Inc [Cappel]) and a peroxidase- 
labeled rabbit anti-goat IgG (Zymed Lab- 
oratories Inc, San Francisco, Calif ) were 
used at a dilution of 1:2000. O-phenylenedia- 





No. of 
Eyes With a 
Recurrence. 
Ratio 


Fibronectint 5/10 








Table 1.—Fibronectin and Recurrent Epithelial Defect Severity Variables * 





mine (Sigma, St Louis, Mo) was used as the 
substrate for the peroxidase at a concentra- 
tion of 3.7 mmol/L in a sodium citrate buffer 
(100 mmol/L at a pH of 4.5) with hydrogen 
peroxide (1.3 mmol/L). The enzyme was 
allowed to react for 5 minutes and the 
reaction was stopped by adding 50 uL of 2N 
sulfuric acid. The O-phenylenediamine ad- 
sorbance was read at 492 nm with the 
microplate photometer. 


Data Analysis 


The equivalent spherical wound radius 
was calculated from the area measurements 
as described by Crosson et al.” The rabbit 
keratometry readings were estimated at 7.2 
mm. Epithelial wound healing curves were 
compared by profile analysis. First, a multi- 
variated Hotelling-Lawly Test was done to 
evaluate absence of parallelism between 





Size of First 






Time of First Recurrence, 
Recurrence, d mm (Mean 
(Mean + SD) Radius + SD) 








2 = ZF 1.39 + 1.4 










* ANOVA indicates analysis of variance. 
tFibronectin 0.6 g/L. 
Albumin 0.6 g/L. 


Fig 2.—Epithelial wound healing curves of 10-mm keratectomy 
wounds treated with either 0.54-g/L fibronectin supplemented with 
40-kallikrein inactivating units (KIU) per milliliter aprotinin (solid 
squares) (nine eyes), 40-KIU/mL aprotinin only (open squares)(nine 
eyes), or saline (open circles)(10 eyes). The three solutions were 
unpreserved. Means + 95% confidence intervals are given. 
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curves. If the curves were found not to be 
parallel, an analysis of variance was done 
to test for differences among treatment 
groups. 

Primary healing time and recurrent epi- 
thelial defects were also described. The 
primary healing time corresponded to the 
period when the epithelial defects would 
either heal totally, stabilize at a certain size 
level, or increase in size because of a new 
epithelial breakdown. Individual recurrent 
epithelial defects were defined as an equiva- 
lent wound radius measurement increase of 
at least 0.2 mm compared with the mea- 
surement from the previous day. Recurrent 
epithelial defect variables such as number 
of eyes with recurrence, time of first recur- 
rence, and size of recurrent epithelial de- 
fects were compared either with an analysis 
of variance or a x’ test, depending on the 
variable. 


RESULTS 


The first experiment’s wound heal- 
ing curves are presented in Fig 1. No 
significant difference was found when 
comparing the fibronectin-, albumin-, 
and saline-treated eyes (P=.10, pro- 
file analysis on the whole curves). Ac- 
cording to an analysis of variance, the 
primary healing time was 6 days. Dur- 
ing this time, no significant difference 
was found when comparing healing 
rates (P=.14, profile analysis). At day 
6, five wounds treated with fibronectin 


Fig 3.—Epithelial wound healing curves of 10-mm keratectomy 
wounds treated with either 0.61-g/L fibronectin supplemented with 
1000-kallikrein inactivating units (KIU) per milliliter aprotinin (solid 
squares)(10 eyes), 1000 KIU/mL of aprotinin only (open squares) 
(nine eyes), or saline (open circles)(10 eyes). The three solutions were 
unpreserved. Means + 95% confidence intervals are given. 
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had closed compared with four wounds 
treated with albumin and six wounds 
treated with saline (10 eyes per 
group). After day 6, the saline-treated 
eyes appeared to have larger recurrent 
corneal epithelial defects than the fi- 
bronectin- and albumin-treated eyes. 
However, the following recurrent epi- 
thelial defect severity variables were 
not found to be significantly different: 
number of eyes with recurrence, time 
of first recurrence, and size of recur- 
rent epithelial defects (Table 1). 

Because of corneal perforation, 
three eyes were excluded from the 
second (two eyes) and third (one 
eye) experiments. These experiments 
served to evaluate the effect of apro- 
tinin and fibronectin supplemented 
with aprotinin. No difference was 
found when comparing the wound heal- 
ing curves (P=.18 and P=.61, profile 
analysis for the 40- and 1000-KIU/mL 
aprotinin experiments, respectively). 
According to an analysis of variance, 
the primary healing time was 6 days in 
the second experiment (Fig 2) and 7 
days in the third experiment (Fig 3). 
The number of eyes with recurrences, 
the time of first recurrence, and the 
size of recurrent epithelial defects 
were not found to be different (Tables 
2 and 3). Signs of toxic blepharocon- 
junctivitis were not observed with the 
40- and 1000-KIU/mL concentrations 
of aprotinin. 

Purity of rabbit fibronectin was 
demonstrated by the single 220-kd 
band obtained with sodium dodecyl 
sulfate—polyacrylamide gel electropho- 
resis (Fig 4); as expected, this band 
was absent from the rabbit albumin 
solution. Immunoblotting confirmed 
that fibronectin was absent from the 
albumin solution (Fig 5). Rabbit corne- 
al epithelial cell adhesion to a fibronec- 
tin-coated plastic surface was concen- 
tration related (Fig 6); the adhesion of 
these cells was not different when the 
fibronectin used for coating contained 
aprotinin. The solutions of fibronectin 
and fibronectin supplemented with 
aprotinin were found to have gelatin- 
binding affinity (Fig 7). 


COMMENT 


Recurrent and persistent corneal 
epithelial defects are most commonly a 
manifestation of metaherpetic kera- 
titis and other neurotrophic kerato- 
pathies, neuroparalytic exposure kera- 
titis, traumatic keratitis, and chemical 
burns of the eye. Like the keratectomy 
model, the epithelial basement mem- 
brane and the superficial stroma are 
often absent in these clinical disorders. 
Currently available treatments such as 
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Table 2.—Aprotinin 40 KIU/mL and Recurrent Epithelial Defect Severity Variables * 





No. of Size of First 
Eyes With a Time of First Recurrence, 
Recurrence, Recurrence, d mm (Mean 






Ratio (Mean + SD) Radius + SD) 





Fibronectint 
+Aprotinint 5/9 10.8 + 1.3 0.9 + 0.7 


* ANOVA indicates analysis of variance. 
tFibronectin 0.6 mg/mL. 
¢Aprotinin 40 KIU/mL. 


Table 3.—Aprotinin 1000 KIU/mL and Recurrent Epithelial Defect Severity Variables * 












No. of Size of First 
Eyes With a Time of First Recurrence, 
Recurrence, Recurrence, d, mm (Mean 






Ratio (mean + SD) Radius + SD) 








Fibronectint 
+Aprotinint 9/10 6.6 + 3.5 0.8 + 0.8 


Aprotinint 7/9 9.2 £27 0.8 + 0.9 


Saline 8/10 10.0 + 2.9 0.7 + 0.8 
x? (P) >.25 
ANOVA (P) .56 .93 


* ANOVA indicates analysis of variance. 
tFibronectin 0.6 g/L. 
+Aprotinin 1000 KIU / mL. 








5.—Immunoblotting of rabbit albumin 


Fig 4.—Sodium dodecyl sulfate—polyacryla- Fig 


mide gel electrophoresis (SDS-PAGE) of rab- 
bit albumin (a control nonadhesive protein) 
(lanes a and b), rabbit fibronectin (lanes c and 


(Alb), rabbit fibronectin (Fn), and a reference 
molecular weight column (right lane). A goat 
anti-rabbit fibronectin antibody was used. 





d), and a reference molecular weight column 
(right lane). 
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Fig 6.—Adhesion of rabbit corneal epithelial cells to a fibronectin- 
coated plastic surface as a function of the amount of fibronectin added 
for coating. The stock solutions contained 0.6-g/L fibronectin only 
(solid circles) or 0.6-g/L fibronectin supplemented with 1000-kallikrein 
inactivating units per milliliter aprotinin (solid squares). These 
solutions were kept for 4 days at 4°C before testing. Results are 
expressed as means+95% confidence intervals of quadruplicate 
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Fig 7.—Determination of single antibody sandwich enzyme-linked 
immunosorbent assay with gelatin as a function of the amount of 
fibronectin. The stock solutions contained 0.6-g/L fibronectin only 
(solid circles) or 0.6-g/L fibronectin supplemented with 1000—kallikrein 
inactivating units per milliliter aprotinin (solid squares). These 
solutions were kept for 4 days at 4°C before testing. Results are 
expressed as means +95% confidence intervals of quadruplicate 


measurements. 


lubricant ointments, therapeutic soft 
contact lenses, temporary lid taping, 
and surgical eyelid closure are mostly 
palliative and not cause oriented. Pa- 
tients with recurrent and persistent 
corneal epithelial defects that are un- 
responsive to conventional therapy are 
at high risk of blinding complications 
such as superinfections, stromal melt, 
and perforation. Therefore, there is 
need for cause-oriented approaches to 
recurrent and persistent corneal epi- 
thelial defects. Fibronectin, a large 
structural adhesive glycoprotein pres- 
ent in the blood plasma and in the 
extracellular matrix,’ has been identi- 
fied as a potential corneal wound heal- 
ing treatment along with growth fac- 
tors and protease inhibitors. 

Most previously reported studies 
suggest that topical plasma fibronectin 
promotes corneal wound healing in 
both humans” and rabbits.** However, 
the published human data are based on 
a small sample of subjects. Our current 
in vivo results are in accordance with 
the results obtained by Phan et al” 
with superficial keratectomies in vitro. 
Our results are also in accordance with 
Newton et al,” who recently reported 
no improvement in the wound healing 


measurements. 


rates of rabbits treated with 0.75-g/L 
topical fibronectin, both in scrape 
wound-induced and in alcian blue—in- 
duced corneal epithelial defect models. 
Therefore, it remains unproved that 
plasma fibronectin eyedrops, at con- 
centrations ranging from 0.50 to 0.75 
g/L, promote corneal wound healing in 
the above-mentioned corneal wound 
healing models. 

Fibronectin is well known for its 
promotion of cell migration and adhe- 
sion in vitro,’ whereas albumin does 
not promote cell adhesion in vitro.” 
Results of our in vitro cell adhesion 
and gelatin-binding affinity assays sug- 
gest that our locally prepared fibronec- 
tin was biologically active. Our initial 
explanation for the absence of effect of 
fibronectin on corneal keratectomy 
wound healing and prevention of re- 
current epithelial defects was that fi- 
bronectin was degraded by tear prote- 
ases as suggested by Tervo et al,” who 
found an elevated tear fluid proteolytic 
activity in patients with corneal epi- 
thelial defects. Our current results 
suggest that fibronectin supplemented 
with aprotinin and aprotinin alone (at 
low or high concentrations) have no 
effect on corneal keratectomy wound 
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healing. We verified that aprotinin did 
not interfere with the adhesion of rab- 
bit corneal epithelial cells to a fibronec- 
tin-coated surface and with the gelatin- 
binding affinity of fibronectin. In the 
second and third experiments, we did 
not add chlorobutanol (a preservative 
agent) to our solutions to eliminate a 
possible chlorobutanol toxic effect. 
However, we cannot eliminate the pos- 
sibility that the thimerosal present in 
the sulfacetamide sodium solution may 
have interfered with fibronectin or 
aprotinin. 

There are alternative explanations 
to the fact that topical fibronectin 0.6 
g/L neither accelerates keratectomy 
wound closure nor prevents recurrent 
epithelial defects. First, the amount of 
endogenous fibronectin secreted by 
corneal cells or derived from limbal 
vessels may not be rate limiting. Sec- 
ond, the available fibronectin recep- 
tors may already be saturated. Third, 
it could be that the 0.6-g/L concentra- 
tion of fibronectin is too low for 
an adequate effect. A fibronectin-albu- 
min preparation prepared from pooled 
plasma has a higher fibronectin con- 
centration and is currently under 
study (Chiron Ophthalmics Corpora- 


Fibronectin and Aprotinin—Boisjoly et al 


tion, Irvine). A fourth reasonable ex- 
planation of fibronectin failing to pro- 
mote corneal wound healing is that 
fibronectin may not have remained in 
contact with the wounded cornea long 
enough. Fibronectin may be dislodged 
from the wounded cornea by eyelid 
movement before it has any effect. 
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This is unlikely because fibronectin 
molecules promptly bind together as 
well as to collagen and fibrin. Cheng et 
al” have reported that fibronectin dis- 
solved in dimethylsulfoxide had a bet- 
ter effect on dermal wound healing 
than fibronectin dissolved in PBS. 
Current innovative ocular drug deliv- 
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ery devices, such as collagen shields, 
may also be of benefit for delivery of 
wound healing factors. 
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Inflammatory Mediators in Postoperative 
Aphakic and Pseudophakic Baboon Eyes 


Kensaku Miyake, MD; Hiroyuki Mibu, PhD; Masayuki Horiguchi, MD; Eiichi Shirasawa, PhD 


e We measured prostaglandin E, and 
leukotriene B, in the aqueous humor of 
baboon eyes, 1 or 8 days after phacoe- 
mulsification, with or without posterior 
chamber lens implantation. We also eval- 
uated the effects of steroid eye drops 
and cyclooxygenase inhibitor eye drops 
on the synthesis of these mediators of 
inflammation. Eyes that had undergone 
phacoemulsification showed significant 
elevation of prostaglandin E, at both 
postoperative periods compared with 
normal, phakic control eyes. The level of 
prostaglandin E, was significantly 
(P<.05) higher in eyes with posterior 
chamber lens implantation than in those 
without it, and was significantly (P<.05) 
higher on the eighth than on the first 
postoperative day. The amount of leuko- 
triene B, was below the detection limit, 
except in the few eyes in which compli- 
cations developed. Cyclooxygenase in- 
hibitor eye drops significantly reduced 
the amount of prostaglandin E, on both 
postoperative days, while steroid eye 
drops had no such effect. 

(Arch Ophthalmol. 
1767) 


1990;108:1764- 


A “tivation of the inflammatory re- 

sponse, to varying degrees, follows 
intraocular surgery. The pathophysio- 
logic significance of inflammatory me- 
diators in postoperative inflammation 
(eg, after lens extraction and intraocu- 
lar lens implantation) is not well 
understood. 

Early experimental studies suggest- 
ed that products of the arachidonic 
cascade were involved in ocular inflam- 
mation, and subsequently certain 
chemical mediators were suggested as 
possible agents in these ocular patho- 
logic processes.” It has been suggest- 
ed that inflammatory mediators, syn- 
thesized in response to surgical 
trauma, may play a role in intraopera- 
tive miosis, postoperative inflamma- 
tory symptoms, and cystoid macular 
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edema.” This idea has not been uni- 
versally accepted, however,” and in- 
formation on levels of chemical media- 
tors during or after intraocular 
surgery is scarce." 

To study the postoperative inflam- 
matory response, we measured media- 
tors of the arachidonic cascade in ba- 
boon eyes that had undergone 
phacoemulsification, with or without 
lens implantation. We also studied the 
effects of steroidal and nonsteroidal 
anti-inflammatory drugs on the levels 
of these mediators of inflammation. 


MATERIALS AND METHODS 


Nineteen adult baboons (88 eyes) were 
examined by slit-lamp and indirect ophthal- 
moscopy. Any eyes showing signs of intra- 
ocular inflammation were excluded. They 
were then divided into the following five 
groups: group 1 (four eyes), normal phakic 
control eyes without operation; group 2 
(eight eyes), eyes undergoing phacoemulsi- 
fication without any anti-inflammatory 
treatment; group 3 (eight eyes), eyes un- 
dergoing phacoemulsification and posterior 
chamber lens implantation without any 
anti-inflammatory treatment; group 4 (10 
eyes), eyes undergoing phacoemulsification 
and posterior chamber lens implantation 
with indomethacin treatment; and group 5 
(eight eyes), eyes undergoing phacoemulsi- 
fication and posterior chamber lens implan- 
tation with betamethasone sodium phos- 
phate treatment. Both eyes of two animals 
in group 1 were entered into the study; with 
other groups, the same surgical procedure, 
with or without any anti-inflammatory 
treatments, was done simultaneously to 
both eyes of an animal. All eyes undergoing 
surgery received a mydriatic (Mydrin P, 
Santen Pharmaceutical Co Ltd, Osaka, Ja- 
pan), intraocular irrigating solution (BSS, 
Alcon Laboratories, Ft Worth, Texas), vis- 
coelastie material (Healon, Pharmacia AB, 
Uppsala, Sweden), and subconjunctival and 
systemic antibiotics (Epocelin, Fujisawa 
Pharmaceutical Co Ltd, Osaka, or Vecta- 
cin, Schering-Plough Corp, Osaka). Eyes in 
group 4 were given 0.5% indomethacin eye 
drops in castor oil solution (Indomelol, 
Senju Co, Osaka) four times during the 3 
hours prior to surgery and three times daily 
after surgery; eyes in group 5 were given 
0.1% betamethasone eye drops (Rinderon, 
Shionogi and Co Ltd, Osaka) according to 
the same regimen. In all cases, the same 
surgical technique of one-handed posterior 
chamber phacoemulsification using a pha- 
coemulsifier (Cavitron 8000 V, Aleon Surgi- 
eal, Ft Worth) and intracapsular fixation of 
posterior chamber lenses was performed by 
the same surgeon (M.H.). 
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On the first and eighth postoperative 
days, animals were anesthetized with sodi- 
um pentobarbital (0.6 mg/kg, intravenous- 
ly), and a slit-lamp biomicroscopic examina- 
tion was done to examine the degree of 
anterior segment inflammation. The extent 
of flare and cells in the aqueous and circum- 
corneal (ciliary) injection was graded ac- 
cording to the criteria of Hogan and asso- 
ciates.~ These gradings were done in a 
masked fashion. 

Following slit-lamp biomicroscopic ex- 
amination, aqueous humor was collected 
from the anterior chamber with a 26-gauge 
needle and centrifuged (3000g, at 2°C for 1 
minute). Analysis was conducted in a 
masked fashion. The supernatant was im- 
mediately frozen in liquid nitrogen and 
stored at —80°C. Levels of prostaglandin 
E, (PGE,) and leukotriene B, (LTB,) were 
determined by radioimmunoassay using the 
PGE, (iodine 125) radioimmunoassay kit 
and LTB, (tritium) radioimmunoassay kit 
(New England Nuclear Research Products, 
Boston, Mass), respectively, without prior 
extraction or chromatography, according to 
the method of Simmons et al.” Portions of 
the aqueous humor were also set aside for 
determination of leukocytes and protein by 
the blood cell calculation method and by 
Lowry’s method, respectively. 

All animals were treated in accordance 
with the Association for Research in Vision 
and Ophthalmology resolution on the use of 
animals in research. 

Statistical analyses were performed with 
the Mann-Whitney method. 


RESULTS 


Tables 1 through 3 summarize the 
levels of aqueous PGE,, leukocytes, 
and protein in the 33 eyes with un- 
eventful outcome. The level of PGE, in 
groups undergoing any surgical proce- 
dure was significantly higher than that 
in group 1 (normal, phakic, and con- 
trol) (P<.01). The level of PGE, was 
significantly higher in group 3 than in 
group 2 on both the first and eighth 
postoperative days (P<.05). The level 
was also significantly higher on the 
eighth postoperative day than on the 
first (P<.05). On both postoperative 
days, PGE, levels were significantly 
lower in group 4 (with indomethacin 
treatment) than in group 3 (P<.05), 
but were essentially the same in 
groups 5 (betamethasone) and 3. The 
amount of LTB, was below the detec- 
tion limit (less than 417 ng/L) in all 
eyes with uneventful outcome. 

Levels of leukocytes were low in all 
groups. On the first postoperative day, 
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levels of aqueous protein were higher 
in the operated eyes than in the nono- 
perated controls in groups 3 and 5 
(P<.05); on the eighth postoperative 
day, the trend was seen in all groups 
(P<.05). Protein levels were lower on 
the first postoperative day than on the 
eighth postoperative day in groups 2, 
3, and 5 (P<.01). 

Results of the slit-lamp biomicrosco- 
pic findings are summarized in the 
Figure. Levels of aqueous flare and 
cells and of ciliary injection in the 
operated eyes were significantly high- 
er than those in the nonoperated con- 
trols at both periods of examination. 
The level of aqueous flare in group 4 
was significantly lower at both periods 
than in groups 3 and 5 (P<.05). It was 
the same among the groups of operat- 
ed eyes at the first postoperative day; 
it was, however, significantly lower in 
group 1 than in groups 3 and 5 at the 
eighth postoperative day (P<.05). The 
level of ciliary injection was the same 
among the groups of operated eyes at 
both periods of examination. 

On the eighth day after surgery, a 
pupillary fibrinlike membrane was 
seen in one eye in group 3, one eye in 
group 4, and two eyes in group 5. 

Of the 34 eyes that underwent 
surgery, four developed infectious 
endophthalmitis and one developed 
severe hyphema. Infectious endoph- 
thalmitis was diagnosed by character- 
istic slit-lamp biomicroscopic signs and 
by culturing the samples obtained by 
aqueous and vitreous taps. Its high 
incidence was related to postoperative 
animal behaviors. Levels of leuko- 
cytes, protein, PGE,, and LTB, in the 
aqueous humor of these eyes, together 
with symptoms and causative organ- 
isms, are summarized in Table 4. As 
expected, levels were higher than in 
eyes with uneventful outcome (Ta- 
ble 4). 


COMMENT 


In the present communication, we 
determined two inflammatory media- 
tors of arachidonic acid cascade, PGE, 
(a cyclooxygenase product) and LTB, 
(a lipoxygenase product), in the aque- 
ous of baboon eyes that underwent 
phacoemulsification with or without 
posterior chamber lens implantation. 
Activity of PGE, was high, while that 
of LTB, was negligible. We further 
investigated the effects of anti-inflam- 
matory treatments on the synthesis of 
above mediators. To our knowledge, 
this is the first prospective and well- 
controlled study that is worth discuss- 
ing, from clinical and biological points 
of view. 

Our findings confirmed that a topi- 
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Table 1.—Determination of Prostaglandin E, in Eyes With Uneventful Outcomes* 


Prostaglandin E, Levels, ng/L 


CLOC——L—ie___L_ M 










Group 4 Group 5 
Group 3 (PEA, PCL, (PEA, PCL, 
(PEA, PCL) Indomethacin) Betamethasone) 










1st Postoperative Day 
840 


332 
155 
309 
409.00 + 148.94t 82.00 + 23.18ł 
8th Postoperative Day 























Mean + SD 76.00 + 32.38 1289.50 + 609.89 













606 7020 146 9000 
698 2670 87 8030 
219 10470 63 8690 
245 









Mean + SD 442.00 + 122.80§ 6720.00 + 2256.66+t 98.67 + 24.66¢ 8573.33 + 286.03§ 


* All readings of group 1 (control) subjects were less than 25. For group 1, P < .01. PEA indicates phaco- 
emulsification and aspiration, and PCL, posterior chamber less implantation. 

tP < .05 compared with group 2. 

P < .05 compared with groups 3 and 5. 

§P < .05 compared with first postoperative day. 


Table 2.—Determination of Aqueous Leukocytes in Eyes With Uneventful Outcomes * 


Aqueous Leukocytes, 10°/L 


LP, 


Group 4 Group 5 
Group 2 Group 3 (PEA, PCL, (PEA, PCL, 
(PEA) (PEA, PCL) Indomethacin) Betamethasone) 








1st Postoperative Day 
0.23 


0.08 
0.58 
1.40 
0.57 + 0.30 0.68 + 0.26 


8th Postoperative Day 
0.43 5.20 


0.50 0.15 
0.13 0.05 


Mean + SD 0.17 + 0.06 


Mean + SD 0.02 + 0.01 0.35 + 0.11 1.80 + 1.70 0.20 + 0.16 


* PEA indicates phacoemulsification and aspiration, and PCL, posterior chamber lens implantation. All read- 
ings of group 1 (control) subjects were less than 25. 


Table 3.—Determination of Aqueous Proteins in Eyes with Uneventful Outcomes* 


Aqueous Protein Levels, g/L 


LL 









Group 4 Group 5 
(PEA, PCL, (PEA, PCL, 
Group 1 Group 2 Group 3 Indo- Beta- 
(Control) (PEA) (PEA, PCL) methacin) methacin) 












tst Postoperative Day 
0.13 0.26 1.34 0.82 0.88 
0.12 0.21 0.95 0.39 an 
0.11 0.81 1.03 0.23 2.14 
0.41 0.33 0.41 0.21 1.84 


















Mean + SD 





0.19 + 0.07 0.40 + 0.14 0.93 + 0.19T 0.41 + 0.14 1.62 + 0.38tf 


















8th Postoperative Day 
5.30 1.42 3.37 5.07 
5.57 2.82 1.20 3.68 
2.19 0.89 0.51 3.88 
1.53 





Mean + SD 3.65 + 1.04t¢ 1.71 + 0.58tt 1.69 + 0.86t 4.21 + 0.43tt 


*PEA indicates phacoemulsification and aspiration, and PCL, posterior chamber lens implantation. 
tP < .05 compared with group 1. 
+P < .01 compared with first postoperative day. 
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1st Postoperative Day 





8th Postoperative Day 


Slit-lamp microscopic findings. Crosses represent group 1 (control); circles, group 2 (phaco- 
emulsification and aspiration [PEA]); triangles, group 3 (PEA and posterior chamber lens); open 
squares, group 4 (PEA, posterior chamber lens, and indomethacin); and closed squares, group 
5 (PEA, posterior chamber lens, and betamethasone). Asterisk indicates that P<.05 compared 
with groups 3 and 5; and dagger, P<.05 compared with groups 3 and 5. 





Leukocytes, Proteins, 
10°/L g/L 





Group * 




















PEA, PCL ‘ 40.53 
PEA, PCL, 12.90 18.93 

indomethacin 
36.40 15.74 


21.30 4.80 






PEA, PCL, 
betamethasone 


29.73 








Table 4.—Determination of Aqueous Substances in Eyes With Complications 


Symptoms; 
Prostaglandin Leukotriene Causative 
E ng/L B,, ng/L Organisms 


88500 
> 250 000 1770 





<417 Hyphema 


Endophthalmitis, 
hypopyon, corneal 
and conjunctival 
edema, hyphema; 
Staphylococcus 
epidermidis 

Endophthalmitis, 

hypopyon, corneal 

and conjunctival 
edema, hyphema; 

Staphylococcus 

aureus 


Endophthalmitis, 
hypopyon, corneal 
and conjunctival 
edema; 
Staphylococcus 
epidermidis 
Endophthalmitis, 
hypopyon, corneal 
and conjunctival 
edema; 
Pseudomonas 


98 700 2700 


1952 <417 





64 200 2003 


* PEA indicates phacoemulsification and aspiration, and PCL, posterior chamber lens. 


cal, nonsteroidal cyclooxygenase inhib- 
itor is potentially effective for the re- 
duction of surgically induced PGE, 
synthesis. In contrast, topical applica- 
tion of steroid drops, given at standard 
dosage, was not effective in reducing 
PGE, synthesis. This finding is impor- 
tant because, to date, anti-inflamma- 
tory therapy of postoperative eyes has 
depended mainly on steroid eye 
drops.” Most studies on penetration of 
topically applied steroid into the aque- 
ous have been done using a rabbit 
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model and dexamethasone 


orn or 


treat- 


ported that topically applied dexa- 
methasone penetrated substantially 
into the aqueous of human subjects 
undergoing routine intraocular sur- 
gery, but they did not obtain any infor- 
mation regarding the effect of the drug 
on inflammation or the synthesis of 
inflammatory mediators. As for the 
penetration of topically applied beta- 
methasone, the information is scarce. 
Baba and associates” have shown that 
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topically administered 0.1% betameth- 
asone penetrates substantially into the 
aqueous of rabbits. To date, however, 
no information is available to define 
how much betamethasone in the aque- 
ous is needed to prevent the synthesis 
of inflammatory mediators. Our pre- 
sent results support the clinical find- 
ings that nonsteroidal treatment was 
significantly more effective than ste- 
roidal treatment in preventing blood- 
aqueous barrier disruption. ™™ These 
results suggest that in postoperative 
anti-inflammatory therapy, cyclooxy- 
genase inhibitors are useful. This con- 
cept may also be supported by the 
present finding that a lipoxygenase 
product is undetectable in postopera- 
tive inflammation. 

The beneficial effects of cyclooxy- 
genase inhibitors on several surgical 
complications such as miosis, blood- 
aqueous barrier disruption, fibrin pu- 
pillary membrane, and cystoid macular 
edema support the suggestion that 
these problems are related to the syn- 
thesis of prostaglandins induced by 
surgical trauma.” Only a few studies 
have employed postoperative bioas- 
says of chemical mediators in primate 
eyes. ™™" The present report contrib- 
utes to our understanding of the patho- 
genesis and treatment of these inflam- 
matory phenomena. 

Several other biochemical findings in 
the present investigation have clinical 
importance. The levels of PGE, were 
significantly higher in eyes with poste- 
rior chamber lens implantation than in 
eyes with phacoemulsification alone. 
This finding may indicate that the 
presence of a biomaterial such as poly- 
methylmethacrylate in an eye may in- 
duce prostaglandin biosynthesis. Per- 
haps in future studies the level of such 
a chemical mediator may be considered 
as a variable for judging the physiolog- 
ic compatibility of biomaterials. 

Surgical trauma was initially 
thought to be the only stimulus for 
postsurgical prostaglandin synthesis; if 
this were true, levels of prostaglandins 
would be highest on the day immedi- 
ately following surgery and decrease 
thereafter. However, we found that 
the amount of PGE, was significantly 
higher on the eighth postoperative day 
than on the first, except in eyes 
treated with indomethacin. The mech- 
anisms may be multiple, and could 
include subclinical leakage of the aque- 
ous through surgical wounds; irritation 
of the uvea by agents such as the 
intraocular irrigating solution, its com- 
ponents, or the intraocular lens itself 
and its interactions with surrounding 
ocular tissues; and dysfunction of the 
active transport of prostaglandins by 
the anterior uvea.” We consider dys- 
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function of the active transport of pros- 
taglandins to be a significant factor. It 
has been experimentally demonstrated 
that this dysfunction continues for a 
long postoperative period (at least 9 
months) in cases of cataract extraction, 
with or without intraocular lens im- 
plantation.” It is therefore reasonable 
to contemplate postoperative use of a 
cyclooxygenase inhibitor for a fairly 
long period to prevent intraocular ac- 
cumulation of prostaglandins. We dem- 
onstrated that the continued applica- 
tion of topical indomethacin effectively 
prevented postoperative PGE, eleva- 
tion. These considerations, however, 
have been based only on the experi- 
mental evidence of absence of active 
transport and they are highly specula- 
tive. Further clinical and basic studies 
are needed to clarify the mechanisms 
of PGE, elevation on the eighth post- 
operative day. 

Inflammation generally involves dis- 
ruption of the blood-aqueous barrier, 
elevation of inflammatory chemical 
mediator levels, inhibition of inflam- 
mation by a specific inhibitor, and co- 
existing inflammatory signs at levels 
that parallel the levels of inflammatory 
mediators. In general, we found 
amounts of aqueous protein parallel to 
those of PGE, with an apparent excep- 
tion (group 3). In slit-lamp biomicro- 
scopic examination, there was a corre- 
lation between PGE, levels and 
aqueous flare. However, no correlation 
was seen between PGE, levels and 
aqueous cells or between PGE, levels 
and ciliary injection. They may have 
resulted from the small number of 
cases studied and difficulty in detect- 
ing these correlations when the level of 
PGE, is low (below 10 000 ng/L in cases 
with uneventful outcome). Although 
these biochemical and clinical findings 
Suggest possible roles of PGE,, we 
could not define its definite role in 
postoperative inflammation. 

In the five cases with severe inflam- 
matory abnormalities, levels of media- 
tors were significantly higher than in 
cases with uneventful outcome, and a 
clear correlation was noted between 
the levels of chemical mediators and 
inflammatory signs. The amounts of 
LTB, and leukocytes were under de- 
tection limits or were very low in eyes 
with uneventful outcome, but they 
were high in eyes with inflammatory 
complications. These suggest that 
LTB, originates from leukocytes, rath- 
er than from ocular tissues. 
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Edited by Malcolm N. Luxenberg, MD 


Acute Retinal Pigment Epithelial Tear 


A 65-year-old man noted sudden vi- 

sion loss in his right eye. Nine 
years earlier he was diagnosed to have 
a large macular serous detachment of 
the retinal pigment epithelium (RPE) 
without angiographic evidence of a 
choroidal neovascular membrane in the 
right eye. The RPE detachment spon- 
taneously resolved, and he was un- 
available for follow-up. 





See also pp 1672, 1687, and 1694. 





Visual acuity was 20/150 OD. Oph- 
thalmoscopic results demonstrated a 
serous macular detachment overlying 
an area of bare choroid and an adjacent 
sheet of retracted RPE (Fig 1). A few 
hard drusen in the left macula were 
present. Results of fluorescein angiog- 
raphy of the right eye demonstrated 
early, persistent hyperfluorescence in 
the region of bare choroid with relative 
hypofluorescence corresponding to the 
retracted RPE (Figs 2 and 3). 


COMMENT 


Tears of the RPE usually occur in 
association with age-related macular 
degeneration as a complication of cho- 
roidal neovascularization. They may 
also complicate serous RPE detach- 
ments. The tears can occur spontane- 
ously or after energy absorption by the 
RPE during laser photocoagulation.™ 

On ophthalmoscopic examination, an 
RPE tear appears as a retracted flap 
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of RPE adjacent to a hypopigmented 
region of denuded Bruch’s membrane. 
Results of fluorescein angiography 
demonstrate early hyperfluorescence 
in the region of denuded Bruch’s mem- 
brane and hypofluorescence resulting 
from blockage of normal choroidal fluo- 
rescence by the redundant layers of 
RPE.‘ There is no treatment for an 
RPE tear, but an associated choroidal 
neovascular membrane may be treat- 
able with laser photocoagulation. De- 
spite earlier statements that visual 
prognosis is poor, some patients retain 
good visual acuity despite RPE tears, 
particularly if the fovea is spared.’ 


HARRY P. SARAS, MD 
Roy D. Brop, MD 
Danville, Pa 


Reprint requests to Department of Ophthalmol- 
ogy, Geisinger Medical Center, Danville, PA 17822 
(Dr Brod). 
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Fig 1.—Left, Color fundus photograph of right macula showing nasal border of exposed choroid (arrows) with retracted and 
rolled edge of retinal pigment epithelium at the inferior nasal edge (arrow head). Right, Color fundus photograph 


demonstrating the large extent of exposed choroid and retracted retinal pigment epithelium (arrows indicate edge of retinal 
pigment epithelial tear). 





Fig 2.—Early venous-phase fluorescein angiogram of right macula. Fig 3.—Recirculation-phase fluorescein angiogram showing persis- 
Note intense hyperfluorescence corresponding to the area of exposed tent hyperfluorescence of the exposed choroid and hypofluorescence 
choroid and relative hypofluorescence resulting from blocked fluores- from the retracted retinal pigment epithelium. 


cence in the region of the retracted retinal pigment epithelium (arrow). 
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Lamellar Ichthyosis and 
Congenital Ectropion 


wo infants with typical lamellar ichth- 

yosis since birth presented with four- 
lid ectropion at ages 2 and 6 weeks (Figs 1 
and 2). In both cases, the parents were 
normal, with no family history of the condi- 
tion. Dermatologic assessment confirmed 
the diagnosis on clinical grounds without a 
skin biopsy (Fig 3). The only corneal find- 
ings were epithelial punctate keratopathy. 
Conservative treatment with ocular lubri- 
cation and eyelid emollients with massage 
was successful in preventing corneal epithe- 
lial breakdown. The ectropion improved 
significantly within 3 months in each case 
(Figs 4 and 5). On follow-up examination, 
the infants had normal visual acuity for 
their ages. 


COMMENT 


Ichthyosis is a skin disease charac- 
terized by abnormal amounts of sur- 
face scale. There are four types, with 
differing clinical findings and heredi- 
tary patterns.’ Ichthyosis vulgaris, 
with onset within the first year, and 
epidermolytic hyperkeratosis, with on- 
set at birth, are both autosomal domi- 
nant and ectropion does not occur. X- 
linked ichthyosis usually spares the 
face, with onset at age 1 to 3 weeks.” 
Lamellar ichthyosis is generally in- 
herited by an autosomal-recessive 
pattern.” 
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Lamellar ichthyosis is fairly severe 
in manifestation, being present at 
birth and involving the entire body 
(including the palms and soles): it per- 
sists throughout life (Fig 6). Histologic 
sections show a thickened granular 
layer and numerous epidermal mito- 
ses. Platelike areas can be seen on the 
abdomen. The main ocular finding is 
cicatricial ectropion. Corneal scarring 
and vascularization from exposure 
have been reported, and surgical cor- 
rections have been attempted.” 


JAMES H. OESTREICHER, MD 
Toronto, Ontario 


CHRISTINE C. NELSON, MD 
Ann Arbor, Mich 
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A 2-week-old black boy with lamellar ichthyosis. Mild, 
four-lid ectropion with eyelids not everted but remaining continuously 
open is shown. 





Fig 2.—Case 2. A 6-week-old white boy with lamellar ichthyosis. Note 
the four-lid ectropion with inability to close the eyes and the lack of 
upper eyelid crease. 

















Fig 4.—Case 1. A 1-month-old infant with significant eyelid position 
improvement after conservative treatment with lubricants and eyelid 
skin massage. 
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Fig 5.—Case 2. A 4-month-old infant after conservative treatment with 
eyelid skin massage. Note the excellent position of the upper lids with 
good crease. Some residual lower eyelid ectropion is present. 





Fig 3.—Case 1. The presence of excessive 
amounts of cutaneous scales on the arms 
and hands is demonstrated. 
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Fig 6.—Case 1. A 2-month-old infant with 
persistent abdominal scaling. 
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Surgical Technique 


Anterior Ethmoid Anatomy Facilitates 
Dacryocystorhinostomy 


William K. Blaylock, MD; Charles A. Moore, MD; John V. Linberg, MD 


è The ethmoid air cell labyrinth lies 
adjacent to the medial orbital wall, ex- 
tending even beyond the sutures of the 
ethmoid bone. Its anatomic relationship 
to the lacrimal sac fossa is important in 
lacrimal surgery. We evaluated comput- 
ed tomographic scans of 190 orbits with 
normal ethmoid anatomy to define the 
anatomic relationship of anterior eth- 
moid air cells to the lacrimal sac fossa. In 
93% of the orbits, the cells extended 
anterior to the posterior lacrimal crest, 
with 40% entering the frontal process of 
the maxilla. This anatomic relationship 
may be used to facilitate the osteotomy 
during dacryocystorhinostomy. During a 
10-year period (310 cases), one of us 
routinely entered the anterior ethmoid air 
cells to initiate the osteotomy during 
dacryocystorhinostomy. This technique 
has helped to avoid lacerations of the 
nasal mucosa. 

(Arch Ophthalmol. 
1777) 


1990;108:1774- 


E thmoid sinus anatomy is complex, 

frequently varying between pa- 
tients and even between different 
sides of the same patient.’ However, 
consistent anatomic relationships are 
well documented within this structure. 
Detailed studies of the ethmoid sinus 
describe the location of the anterior air 
cells relative to the superior lacrimal 
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sac fossa, yet, this relationship has 
been largely ignored during the devel- 
opment of lacrimal surgery. 

External dacryocystorhinostomy 
(DCR) was introduced by Toti’ in 1904. 
Modifications of his original technique 
by Ohm,” Dupuy-Dutemps and Bour- 
guet,“ and others” have resulted in 
high success rates. Most modifications 
have focused on the construction of 
mucosal flaps or the placement of vari- 
ous stents through the bony ostium. 
Less attention has been given to the 
osteotomy techniques,”~ although a 
wide variety of chisels, burrs, drills, 
saws, and trephines have been used. 
To our knowledge, no studies have 
evaluated osteotomy techniques and 
their relationship to surgical success. 

We have observed that precise 
knowledge of ethmoid anatomy facili- 
tates DCR surgery by avoiding confu- 
sion between the ethmoid and nasal 
cavities. We undertook this investiga- 
tion to demonstrate, by computed to- 
mography, the consistent relationship 
between anterior ethmoid air cells and 
the lacrimal sac fossa. We also describe 
our simple osteotomy technique that 
uses this consistent position of the 
anterior ethmoid air cells. 


MATERIALS AND METHODS 
Radiologic Review 


We reviewed the relative anatomic posi- 
tions of the ethmoid air cells and the lacri- 
mal sac fossa in 190 normal orbits from 
computed tomographic scans of 100 pa- 
tients. Orbits that had sustained previous 
trauma, undergone surgery, or showed ad- 
jacent sinusitis were excluded. A series of 
1.5-mm axial sections with coronal recon- 
structions were obtained in each ease (9800 
Quick, General Electric, Milwaukee, Wis). 

Representative sections through the mid- 
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dle of the lacrimal sac fossa were chosen 
(Fig 1). The bony landmarks of the lacrimal 
sac fossa were established and the location 
of the most anterior ethmoid sinus was 
assigned to one of three categories. In 
category 1 (Fig 2) there were no sinuses 
anterior to the posterior lacrimal crest. In 
category 2 (Fig 3) sinuses extended anterior 
to the posterior lacrimal crest but remained 
behind the suture at the anterior edge of 
the lacrimal bone. In category 3 (Fig 4) 
sinuses extended into the frontal process of 
the maxilla, anterior to the lacrimal bone 
suture. When both orbits of the same pa- 
tient were included, the two sides were 
compared. 


Surgical Technique 


In our method of external DCR, the skin 
incision along the side of the nose is extend- 
ed down to the periosteum. The periosteum 
is incised with a scalpel or sharp periosteal 
elevator. Disinsertion of the anterior arm of 
the medial canthal tendon allows adequate 
temporal reflection of the lacrimal sac with 
the periosteum and exposes the entire lacri- 
mal sac fossa. Exposure as far back as the 
posterior lacrimal crest is important to al- 
low visualization of the most superior poste- 
rior quadrant of the fossa. A grayish lucen- 
cy of the bone will be seen in this area when 
anterior ethmoid air cells lie behind the 
lacrimal bone. 

A periosteal elevator or blunt hemostat 
easily perforates the superior posterior fos- 
sa into an anterior ethmoid air cell with only 
gentle pressure (Fig 5). The lacrimal bone 
is fractured. The ethmoid sinus mucosa, 
which is thinner, more gray, and far more 
friable than the nasal mucosa, is encoun- 
tered. No attempt is made to preserve the 
ethmoid sinus mucosa. A small Kerrison or 
laminectomy punch is then placed into the 
opening and the bony ostium is enlarged 
(Fig 6). 

Because the initial perforation is into an 
ethmoid sinus, the nasal mucosa is undis- 
turbed. The plane between the nasal muco- 
sa and bone is easily established by advanc- 
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Fig 1.—Axial plane (yellow) through the midlevel of the lacri- 


mal sac fossa demonstrating the level of computed tomograph- 
ic sections reviewed. 





Fig 2.—Axial computed tomographic scan demonstrating the 
anatomy of category 1 in which ethmoid air cells (blue) remain 
posterior to the posterior lacrimal crest (arrow). The nasal 
cavity (red) extends behind the entire lacrimal sac fossa. 
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Fig 3.—Axial computed tomographic scan demonstrating the 
anatomy of category 2 in which ethmoid air cells (blue) extend 
under the lacrimal sac fossa but remain posterior to the suture 
between the frontal process of the maxilla and the lacrimal 
bone. The nasal cavity is shown in red. 
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Fig 4.—Axial computed tomographic scan demonstrating the 
anatomy of category 3 in which ethmoid air cells (blue) extend S 
into the frontal process of the maxilla. The nasal cavity (red) is 
not in contact with any portion of the lacrimal sac fossa. 


Fig 5.—Gentle pressure applied by a blunt instrument over the 
superior posterior lacrimal sac fossa will perforate into an ante- 
rior ethmoid air cell (blue) avoiding injury to the nasal mucosa 
(red). ý 








Fig 6.—A small rongeur is placed into the sinus and the bony 


ostium is enlarged anteriorly over the adjacent nasal mucosa 
(red). 
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ing the tip of a Kerrison rongeur medially, 
just under the thin bone of the lacrimal sac 
fossa. Additional bone is removed and mu- 
cosal flaps are fashioned without difficulty 
because injury to the nasal mucosa has been 
avoided. 


RESULTS 


Of the 190 orbits examined, 62% 
were from male patients. The ages of 
patients ranged from 3 months to 85 
years, with a mean age of 38.3 years. 
Only 13 (14%) of 90 orbits were classi- 
fied as category 1, with no ethmoid air 
cells positioned under the lacrimal sac 
fossa. One hundred (53%) of 190 orbits 
qualified for category 2. The remaining 
77 (41%) of 190 orbits were classified 
as category 3, demonstrating anterior 
ethmoid air cells within the nasal pro- 
cess of the maxilla (Fig 7). Of those 
patients from whom both orbits were 
included, the position of the air cells 
was symmetric in 71%. However, no 
patient with asymmetric air cells dem- 
onstrated both categories 1 and 3. Of 
the 30 patients younger than 15 years, 
there was no significant difference in 
the percent of distribution among the 
anatomic categories from that of the 
total group. 

During a 10-year period, a total of 
310 external DCRs were performed by 
one of us (J.V.L.) using the method 
described for osteotomy, taking full 
advantage of the position of the anteri- 
or ethmoid air cells. Success rates have 
been greater than 95%. Even in cases 
of nasal trauma or previous nasal sur- 
gery, initial entrance into the sinus has 
been possible in the majority of cases. 
No preoperative roentgenographic 
studies of the ethmoid sinuses were 
obtained unless there was a history of 
previous ethmoid sinusitis. 


COMMENT 


The ethmoid sinuses are the first 
paranasal sinuses to develop. During 
infancy, they grow to fill the space 
between the nasal cavity and the orbit, 
reaching adult configuration as early 
as age 12 years.’ Their growth fre- 
quently extends beyond the sutures of 
the ethmoid bone. As early as age 2 
years, ethmoid air cells may invade 
surrounding bones. The anterior cells 
will actually pneumatize the lacrimal 
bone (os unguis) in most people.“ 

Anatomic studies of the ethmoid 
bone by Mosher’ and Mattox and De- 
laney? and computed tomographic 
studies by Bagatella and Guirado” and 
Terrier et al’ showed numerous consis- 
tent relationships between individual 
air cells and surrounding structures. 
One specific finding is the close rela- 
tionship between anterior ethmoid air 
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Fig 7.— Schematic representation of the position of the three types of anterior ethmoid air cells 
relative to the lacrimal sac fossa. The dotted line indicates category 1 (7%); the dashed line, 
category 2 (53%); and the solid line, category 3 (40%). 





Fig 8.—Retroillumination of the ethmoid compartment demonstrating air cells under the medial 
orbital wall and the lacrimal sac fossa (arrow). 


cells, particularly the agger nasi cell, 
and the lacrimal sac fossa."*” Whitnall* 
first described this relationship in 
1911, demonstrating anterior ethmoid 
air cells directly medial to the superior 
lacrimal sac fossa in 86 of 100 skulls. 
Despite his early observation, little 
notice has been given to the potential 
importance of these air cells during 
lacrimal surgery. 
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In our study, the ethmoid sinuses 
extended at least anterior to the poste- 
rior lacrimal crest in 53% of the orbits 
(category 2) and into the frontal pro- 
cess of the maxilla in an additional 40% 
of orbits (category 3). These percent- 
ages hold true for children as well as 
adults. Therefore, in 93% of the orbits 
we analyzed, anterior ethmoid air cells 
lay adjacent to the lacrimal sac fossa. 
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The anterior extension of air cells is 
most pronounced under the superior 
(caudal) half of the lacrimal sac fossa 
(Fig 8). Other anatomic studies have 
recognized this consistent relationship 
without mentioning its frequency. ™**" 
In only 7% of the orbits in our study 
(category 1) was the nasal cavity im- 
mediately adjacent to the entire lacri- 
mal sac fossa. 

Most recent large studies reported 
success in 85% to 90% of DCRs."”” 
High success rates have been attribut- 
ed to mucosal flap construction and 
stent placement. Also, an early belief 
that a large DCR ostium increased 
surgical success spawned the develop- 
ment of a variety of instruments to 
perform the osteotomy. Toti’ used a 
hammer and chisel to perforate the 
bone; many surgeons use dental burrs 
or drills to perforate the bone. Iliff ” 
developed a motorized trephine for the 
osteotomy that produces a circular 
opening of the desired size. However, 
the size of the bony ostium has now 
been shown to have little influence on 
the size of the final drainage opening.” 
McLachlan et al,” in their review of 
failed DCRs, attributed few failures to 
the osteotomy. They found the inci- 
dence of osseous closure from bone 
regrowth rare, occurring in only one of 
18 failures. With the role of the bony 
ostium less critical to overall success, 
complex instrumentation seems unnec- 
essary if the osteotomy can be per- 
formed quickly and simply. We believe 
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that our method of puncturing the 
lacrimal sac fossa with a blunt instru- 
ment is a simple and effective tech- 
nique for this step in DCR. 

There are many advantages to this 
technique. The location for perforation 
can consistently be found and the tech- 
nique can be taught to residents. No 
noise from drills, saws, or trephines 
disturbs a patient under local anesthe- 
sia and the method is usually painless. 
A sufficiently large opening can be 
produced to allow entrance of a small 
Kerrison rongeur. The plane between 
the bone and the nasal mucosa can 
then be established and the ostium 
enlarged. This technique relies on the 
position of the ethmoid air cells under 
the lacrimal sac fossa. Because of the 
high percentage of patients (93%) with 
this anatomic relationship, this simple 
osteotomy can be performed on nearly 
every surgical candidate. 

Most important, the initial entrance 
into an ethmoid sinus substantially de- 
creases the risk of injury to the nasal 
mucosa. Our technique perforates the 
fossa in a small area in which the 
lacrimal bone is thin and the nasal 
mucosa is infrequently encountered. 
This technique is also more controlled 
than others. Drills, burrs, and tre- 
phines must overlap larger areas of the 
fossa that are at least partially made of 
thicker bone, such as the anterior lacri- 
mal crest. Thus, more external force is 
necessary and the nasal mucosa is 
more likely to be damaged. Our tech- 
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nique decreases the risk of nasal muco- 
sal injury, allows better flap construc- 
tion, and thus facilitates surgical 
success. 

Welham and Wulc” were concerned 
that the presence of adjacent ethmoid 
air cells increased complications and 
failures of DCR. According to their 
review, the cells can contribute to 
scarring of the ostium. They believed 
that a surgeon might perforate into an 
ethmoid air cell and mistake it for the 
nasal cavity. Some DCR failures have 
been attributed to surgeons who have 
drained the lacrimal sac into the eth- 
moid sinuses rather than the nasal 
cavity. As with any surgical proce- 
dure, an exact knowledge of the anato- 
my is critical to proper technique and 
the avoidance of complications. Com- 
plications from increased bleeding, ce- 
rebrospinal fluid leakage, or spread of 
sinus infection also exist when one 
perforates the ethmoid cavity. In the 
310 cases reported in our study, no 
complications or failures could be di- 
rectly attributed to involvement of 
ethmoid air cells. 

We believe that the consistent ana- 
tomic relationship of the anterior eth- 
moid air cells to the lacrimal sac fossa 
facilitates our manual osteotomy tech- 
nique, which is a simple, safe, and 
time-proved method for DCR. Most 
important, the lacrimal surgeon should 
be aware of the location of the sinuses, 
regardless of the osteotomy technique. 
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A New Ophthalmic Electronic Videoendoscope 
System for Intraocular Surgery 


Shuichiro Eguchi, MD, Makoto Araie, MD 


e A new ophthalmic electronic vi- 
deoendoscope system has a 20-gauge 
probe for intraocular observation, a stan- 
dard size for vitreous microsurgical in- 
struments, and both endoscopic and op- 
erating microscopic images are dis- 
played on a split-screen monitor system 
to provide surgeos a simultaneous view 
of both images. Using this endoscope 
system at any time during surgery, sur- 
geons can examine the intraocular struc- 
ture such as the ciliary sulcus, pars pla- 
na, or vitreous base and obtain valuable 
but otherwise unobtainable information 
for completing the surgry. 

(Arch Ophthalmol. 
1781) 


1990;108:1778- 


Tre electronic videoendoscope sys- 

tem was first introduced into clini- 
cal medicine by Welch Allyn Ine (Skan- 
eateles Falls, NY) in 1983," and 
several different models are now com- 
mercially available for gastroduoden- 
oscopy, colonoscopy, or sigmoidos- 
copy.*’ This type of endoscope has no 
coherent fiberoptic image bundle. A 
lens at the tip of the endoscope focuses 
an image on a charge-coupled device 
(CCD) that transmits the image elec- 
tronically to a video processor for dis- 
play on a television monitor. Although 
the electronic videoendoscope system 
is still in the infant stage, it has several 
potential advantages over current fi- 
beroptic endoscope systems. For ex- 
ample, it makes it possible for the 
entire endoscopic findings to be docu- 
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mented automatically by videotaping 
and to be observed by any number of 
observers. Because an image is pro- 
duced electronically and transformed 
into digital information, that is, com- 
puter data, boundless opportunities for 
image analysis are offered with the 
appropriate aid of software.” Further- 
more, the potential for further im- 
provement in CCD chips seems very 
promising.** 

We recently developed an ophthal- 
mic electronic videoendoscope system 
for observation of the surgically impor- 
tant intraocular structures of which 
the operating microscope or indirect 
ophthalmoscopy can provide only a 
very limited and inadequate view. The 
system was planned for surgeons to 
examine the back surface of the iris, 
the ciliary body, the status of fixation 
of the haptics of the intraocular lens 
(IOL), the pars plana, vitreous base, 
or peripheral retina at any time they 
wish, during surgery. Observation of 
these structures during surgery gives 
valuable information to surgeons for 
completing the surgeries. The system 
has a 20-gauge probe, a standard size 
for instruments for vitreous microsur- 
gery,” and a small and light hand-held 


unit easy to manipulate during 
surgery. 
MATERIALS AND METHODS 


Ophthalmic Electronic 
Videoendoscope System 


The system consists of a hand-held unit 
with a 20-gauge probe that is standard 
equipment in this system, a video proces- 
sor, a television monitor, and a light source 
unit (Color Fig 1). An 18-gauge probe that 
contains more pixels (picture elements) 
than the standard 20-gauge probe is also 
available for more detailed intraocular ob- 
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servation. A block diagram of the instru- 
ment is shown in the Figure, and the char- 
acteristics of the hand-held unit are 
summarized in the Table. Images are fo- 
cused on an interline transfer CCD (To- 
shiba, Tokyo, Japan) containing a total of 
300 000 pixels by a gradient-index rod lens 
(SELFOC Micro Lens, Nippon Sheet Glass, 
Tokyo, Japan); for optical reasons, the num- 
ber of active elements is 80000 pixels for 
the 20-gauge probe and 120000 pixels for 
the 18-gauge probe. The image detected by 
the CCD is passed in the form of an elec- 
tronic signal to the video processor, where 
it is transformed into a television signal. 
Color reproduction is carried out with an 
instantaneous single-plate color chip sys- 
tem.” Each pixel is covered with a filter 
transparent to one of the three primary 
colors: red, green, or blue. Thus a specific 
color is associated with each pixel, and 
signals from each pixel are transmitted 
simultaneously to the video processor for 
color reproduction. For illumination, light 
generated by a 300-W xenon lamp is passed 
through the endoscope via a fiberglass 
bundle. 

To give the surgeon simultaneous views 
of the endoscopic and operating microscopic 
images, both images are displayed on a 
split-screen monitor. The endoscopic image 
is displayed on the left and the operating 
microscopic image on the right (Color Fig 
2). Viewing this screen, the surgeon can 
easily position the probe. The split-screen 
monitor system greatly facilitates manipu- 
lation of the hand-held unit. 

The endoscopic probe, hand-held unit, 
and connecting line are sterilized with eth- 
ylene oxide. 


Report of Cases 


After informed consent was obtained 
from the patient, this ophthalmic endoscope 
system was used during surgery. The re- 
sults in three representative cases are re- 
ported below. 

CASE 1.—A 70-year-old man underwent 
extracapsular cataract extraction and inser- 
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tion of a modified C-loop posterior chamber 
intraocular lens (PC-IOL). A can-opener 
anterior capsulotomy was carried out to 
extract the lens nucleus. Before removal of 
viscoelastic material (Healon, Pharmacia 
AB, Uppsala, Sweden), the fixation of hap- 
tics was examined using the ophthalmic 
electronic videoendoscope system with a 20- 
gauge probe. Although the surgeon thought 
that PC-IOL fixation in the bag had been 
achieved, endoscopic observation revealed 
that one of the haptics had slipped out of the 
capsular bag through a radial tear in the 
capsule (Color Fig 3). The haptics could be 
positioned in the bag by further rotation of 
the PC-IOL. 

CASE 2.—A 78-year-old woman request- 
ed secondary IOL implantation in her left 
eye, which had undergone uneventful intra- 
capsular cataract extraction in 1980. Be- 
cause of a variety of complications associat- 
ed with anterior chamber IOLs, the sutured 
PC-IOL was thought to be the choice. After 
filling the anterior and posterior chambers 
with viscoelastic material, a long, flat, 
curved needle (CIF, Ethicon Inc, Somer- 
ville, NJ) fitted with 10-0 polypropylene 
was inserted into the anterior chamber and 
pushed under the iris. It was inserted 
through the sclera at the ciliary sulcus at 
the 9- and 3-o’clock positions under direct 
observation with the ophthalmic electronic 
videoendoscope system, using a 20-gauge 
probe that was also inserted behind the iris 
through a limbal incision (Color Fig 4). Free 
ends of the suture were secured to both 
haptics of a modified C-loop PC-IOL. The 
limbal incision was then extended to 7 mm 
and the PC-IOL was inserted into the pos- 
terior chamber and the polypropylene su- 
ture was tightly secured to the sclera. 

CASE 3.—A 20-year-old man suffered 
from proliferative vitreoretinopathy with 
subretinal fibrosis. Vitrectomy and removal 
of preretinal and subretinal membranes 
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were carried out using conventional tech- 
niques. However, pneumatic retinal reat- 
tachment resulted in failure, which was 
thought to be due to undetected subretinal 
fibrosis. The ophthalmic electronic videoen- 
doscope with a 20-gauge probe was inserted 
into the vitreous cavity through the sclerot- 
omy at the pars plana used for the endoillu- 
minator and then into the subretinal space 
through a retinal break, to seek the cause of 
the failure. Successful reattachment of the 
retina was achieved after removal of the 
residual subretinal fibrosis that could have 
been detected by the present system. The 
vitreous base and peripheral retina were 
then examined using the endoscope to de- 
tect anterior proliferative membrane or 
other retinal breaks (Color Fig 5) and to 
facilitate removal of the peripheral vitreous 
as completely as possible. 


COMMENT 


Endoscopic observation has been 
carried out in ophthalmology for 
years.” To the best of our knowledge, 
Thorpe’ was the first to publish a 
report of the extraction of intraocular 
foreign bodies using an endoscope. 
Since then, various types of ophthal- 
mic endoscopes more suited for intra- 
ocular surgeries or animal experiments 
have been developed to observe or 
photograph areas of which the operat- 
ing microscope, indirect ophthalmo- 
scope, or fundus camera cannot pro- 
vide an adequate view.” However, 
the diameter of the ophthalmic endo- 
scopic tips so far used (<1.7 mm) is 
thought to be too large." A larger 
endoscopic tip provides better illumi- 
nation and resolving power but re- 
quires a larger incision of the eye wall 
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Characteristics of Ophthalmic 
Videoendoscope System 






Hand-held unit 200 cm 
length 

Hand-held unit 400 g 
weight 






0.89 mm (20-gauge), 
1.0 mm (18-gauge) 

Angle of view 55° 

Fixed focus 0.5-10.0 mm 


Distal end diameter 







for insertion into the eye, which may 
cause undesired complications. Hand- 
held units of previous ophthalmic endo- 
scopes were large, not suited for hand 
manipulation during surgery, and re- 
quired an apparatus for positioning 
control during surgery.’’” Further- 
more, previous clinical ophthalmic en- 
doscopes limited the number of observ- 
ers and did not permit complete 
documentation of the endoscopic views 
obtained.” This restricted the dem- 
onstration of the findings obtained. 
Our new videoendoscope is designed 
to overcome these imperfections of 
previous systems in the following 
ways. First, this new system uses a 
20-gauge tip (0.89 mm in diameter) for 
intraocular observation. This is a stan- 
dard size for current instruments for 
vitreous microsurgery” and enables 
the surgeon to insert the endoscopic 
probe into the vitreous cavity without 
expanding the preexisting sclerotomy. 
When the probe is inserted through a 
limbal incision, maintenance of the nor- 
mal depth of the anterior chamber is 
quite easy with the aid of viscoelastic 
materials. The smaller the diameter of 
the endoscopic probe, the less the re- 
solving capacity of the system. The 
resolution is mainly determined by the 
number of sensor units; sensor units 
are image fibers in fiberoptic endo- 
scopes and pixels of the CCD chips in 
the electronic video endoscope.’ At 
present, it is difficult to arrange more 
than 5000 image fibers in a 20-gauge 
probe because the diameter of the im- 
age fibers presently available is about 
10 pm.” On the other hand, the CCD 
chip used in the present system has 
about 80000 active pixels. Although 
the resolving power is somewhat re- 
duced by passing through a gradient- 
index rod lens and using different color 
pixels for color reproduction, the elec- 
tronic videoendoscope system should 
theoretically have significantly better 
resolution, especially when a small en- 
doscopic tip is used,” as in ophthal- 
mic endoscopy. Furthermore, the po- 
tential for future improvement in CCD 
sensors appears very promising. Sec- 
ond, since technology provides very 
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Color Fig 1.— Top, The ophthalmic electronic 
videoendoscope system (top to bottom: TV 
monitor, video processor and light source, 
and keyboard). Images displayed on the 
monitor screen were obtained with an 18- 
gauge probe. Bottom, Hand-held unit of oph- 
thalmic electronic videondoscope system. 
Twenty-gauge (top) and 18-gauge (below) 
tips are available. Bar indicates 1 cm. 





Color Fig 2.—The endoscopic (ES) (left) and operating micro- 
scopic (MS) (right) images displayed on the split-screen moni- 
tor during cataract surgery. The posterior chamber intraocular 
lens haptics implanted in the bag were observed beneath the 
round circular anterior capsular window. The endoscopic im- 
age was obtained with a 20-gauge probe (arrowhead). 


Color Fig 4.—An example of endoscopic views obtained during 
secondary intraocular lens—implant surgery. Left, A long, flat, 
curved needle fitted with 10-0 polypropylene (arrow) was in- 
serted through the sclera at the ciliary sulcus under direct 
observation with the endoscope system (ES). Right, Image 
obtained through the operating microscope (MS); arrowhead 
indicates a 20-gauge probe. 
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Color Fig 3.—Endoscopic views obtained during cataract sur- 
gery. Left, Endoscopic (ES) observation revealed that one of 
the haptics (arrowhead) had slipped out of the capsular bag 
onto the ciliary sulcus although the surgeon had intended 
implantation of the intraocular lens in the bag. Right, Image 
obtained through the operating microscope (MS); arrowhead 
indicates a 20-gauge probe. 


Color Fig 5.—Endoscopic (ES) views during vitreoretinal sur- 
gery. Left, A retinal break in the equatorial region was seen. 
Right, Image obtained through the operating microscope (MS); 
arrowhead indicates a 20-gauge probe. 
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small CCD chips and amplifiers, the 
hand-held unit, wherever installed, 
could be made considerably smaller 
and lighter than those of previous oph- 
thalmic endoscopes. The small and 
light hand-held unit of our system 
greatly facilitates manipulation by sur- 
geons during the surgery. Third, the 
new ophthalmic electronic videoendo- 
scope system permits almost any num- 
ber of colleagues, assistant staff mem- 
bers, or students to observe the inside 
of the eye simultaneously. The elec- 
tronic video tape recording facility 
serves the purposes of documentation 
and education. Furthermore, it is pos- 
sible to inspect more closely or record 
photographically the most interesting 
aspect, using the freeze-frame facility 
during or after the surgery. The CCD 
chips generate electronic signals for 
transmission, which opens further pos- 
sibilities such as computer enhance- 
ment or analysis of the image.” 

The above-mentioned advantages of 
the new videoendoscope can also be 
obtained with fiberoptic endoscopes 
equipped with an articulated optical 
system, television monitor, and video- 
tape. However, as discussed above, 
the electronic videoendoscope system 
should theoretically have a better reso- 
lution. Electronic signals generated by 
CCD chips are not subject to any at- 
tenuation of transmitted light, as is the 
case with fiberoptic endoscopes, 
which, as a result, are limited as to 
length.***” 

Preliminary use of the new system 
in patients clearly demonstrated the 
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clinical usefulness of this ophthalmic 
electronic videoendoscope. In PC-IOL 
implantation, especially when the su- 
tured PC-IOL is planned in the ab- 
sence of the posterior capsule support, 
location of the haptics of the IOL is of 
primary importance. As shown in 
cases 1 and 2, the present system was 
found to be very useful in observing 
the status of the haptics of the PC-IOL 
during surgery. In vitreoretinal sur- 
gery, scleral depression is usually used 
to observe the vitreous base, pars pla- 
na, or adjacent structures. However, 
with scleral depression, distortion of 
the structures is inevitable. With the 
new endoscope, these structures could 
be observed without distortion and in 
more detail. In a case of severe prolif- 
erative vitreoretinopathy, it is some- 
times difficult to find subretinal fibro- 
sis behind the massive preretinal 
proliferation only with direct observa- 
tion under the surgical microscope. 
The present system is also applicable 
for observing the subretinal space. 
Furthermore, in a case of cloudy 
cornea, ultrasonography has been the 
method of choice for examining the 
iris, lens, or chamber angle. However, 
the resolving power of ultrasonog- 
raphy is rather limited. Examination 
with the present system through a 
(.89-mm limbal incision with an aid of 
viscoelastic substance is expected to 
give more detailed information on the 
back surface of the cornea, chamber 
angle, iris, or lens. Findings obtained 
thus will be of great value in diagnos- 
ing the disease and deciding the indica- 
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tion for penetrating keratoplasty. 
Injury caused by inserting the pre- 

sent probe into the eye is never seri- 

ous. The normal depth of the anterior 


chamber can be maintained quite easi- 


ly with the aid of viscoelastic materials 
when the intraocular probe is inserted 
through a limbal incision. When the 
intraocular probe is inserted through 
the sclerotomy at the pars plana, there 
is no need to expand the preexisting 
sclerotomy. Since stereoscopic obser- 
vation of the intraocular structures is 
not possible with this system, it might 
be difficult to move the endoscopic 
probe close to the ciliary body or retina 
safely. A split-screen monitor system 
was found to be very useful in these 
situations. The endoscopic probe was 
first placed near the target structure 
under surgical microscope; then, fur- 
ther approach was made cautiously 
under observation with the split- 
screen monitor system, which displays 
both endoscopic and operating micro- 
scopic images simultaneously. Using 
this procedure, we experienced no in- 
advertent injury of intraocular tissues. 
In summary, using the new ophthal- 
mic electronic videoendoscope system 
with a 20-gauge probe during surgery, 
surgeons can obtain valuable informa- 
tion needed to complete surgery that is 
otherwise beyond their reach. 
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S. Byrne, Miami, Fla 

R. Campo, Mesa, Ariz 

P. Campochiaro, Charlottesville, Va 
C. Camras, New York, NY 

H. Cantrill, Minneapolis, Minn 
J. Caprioli, New Haven, Conn 
A. Caputo, Newark, NJ 

R. Carr, New York, NY 

H. D. Cavanagh, Washington, DC 
T. Cavanaugh, Baltimore, Md 
G. Chader, Bethesda, Md 

S. Chandra, Madison, Wis 

S. Chang, New York, NY 

D. Char, San Francisco, Calif 
S. Charles, Memphis, Tenn 

C. Chen, Baltimore, Md 

W. Christens-Barry, Laurel, Md 
E. Chuang, Miami, Fla 

L. Chylack, Boston, Mass 

G. Cibis, Kansas City, Mo 

J. Clarkson, Miami, Fla 

D. Clemons, Johnson City, Tenn 
D. Cogan, Bethesda, Md 

E. Cohen, Philadelphia, Pa 

A. Coleman, Los Angeles, Calif 
D. J. Coleman, New York, NY 
T. Connor, Baltimore, Md 

J. Connett, Minneapolis, Minn 
B. Conway, Charlottesville, Va 
S. Cousins, Miami, Fla 

J. Cowden, Detroit, Mich 

T. Cravy, Santa Maria, Calif 

K. Csalky, Baltimore, Md 

W. Culbertson, Miami, Fla 

M. Cyrlin, Southfield, Mich 

D. D’Amico, Boston, Mass 

P. D’Amore, Boston, Mass 

M. Datiles, Bethesda, Md 

F. Davidorf, Columbus, Ohio 

J. Davis, Miami, Fla 

M. Davis, Madison, Wis 

C. Dawson, San Francisco, Calif 
A. de Kater, Boston, Mass 

S. deBustros, Chicago, Ill 

E. deJuan, Durham, NC 

M. Del Monte, Ann Arbor, Mich 
L. del Priore, Chevy Chase, Md 
L. Dell’Osso, Cleveland, Ohio 
F. Delori, Boston, Mass 

R. Derick, Baltimore, Md 

T. Deutsch, Chicago, Ill 

G. DeVenecia, Madison, Wis 
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G. Diamond, Philadelphia, Pa 
B. Doft, Pittsburgh, Pa 

J. Donlon, Boston, Mass 

L. Donoso, Philadelphia, Pa 
R. Dortzbach, Madison, Wis 
M. Doxanas, Towson, Md 

S. Drance, Vancouver, Canada 
R. Drews, Clayton, Mo 

B. Drum, Baltimore, Md 

E. Dreyer, Boston, Mass 

R. Eagle, Philadelphia, Pa 
J. Earle, Rochester, Minn 
M. Easterbrook, Toronto, Canada 
H. F. Edelhauser, Atlanta, Ga 
D. Edward, Chicago, Ill 

R. Eiferman, Louisville, Ky 

D. Eifrig, Chapel Hill, NC 

D. Eisele, Baltimore, Md 

A. Eller, Pittsburgh, Pa 

M. Elman, Baltimore, Md 

J. Emery, Houston, Tex 

C. Enger, Baltimore, Md 

R. Epstein, Chicago, Ill 

J. T. Ernest, Chicago, Ill 

Y. Erozan, Baltimore, Md 

C. Evinger, Stony Brook, NY 
M. Farber, Philadelphia, Pa 

R. Farrell, Laurel, Md 

J. Federman, Philadelphia, Pa 
L. Feeney-Burns, Columbia, Mo 
M. Feldman, Baltimore, Md 

S. Feldon, Los Angeles, Calif 
F. Ferris, Bethesda, Md 

A. Ferry, Richmond, Va 

P. Finger, Manhasset, NY 

N. Fink, Baltimore, Md 

D. Finkelstein, Baltimore, Md 
J. Fischbarg, New York, NY 

D. Fischer, Philadelphia, Pa 

G. Fish, Dallas, Tex 

Y. Fisher, New York, NY 

A. Flach, Corte Madera, Calif 
J. Flanagan, Philadelphia, Pa 
R. Flower, Laurel, Md 

H. Flynn, Miami, Fla 

J. Flynn, Miami, Fla 

T. Flynn, Baltimore, Md 

R. Folberg, lowa City, lowa 

J. Folk, lowa City, Iowa 

R. Font, Houston, Tex 

G. Foulks, Durham, NC 

R. Frank, Detroit, Mich 

R. Franklin, New Orleans, La 
F. Fraunfelder, Portland, Ore 
W. Freeman, La Jolla, Calif 

T. Friberg, Pittsburgh, Pa 

D. Friendly, Washington, DC 
B. Frueh, Ann Arbor, Mich 

L. Fujikawa, San Francisco, Calif 
D. Fuller, Dallas, Tex 

D. Gaasterland, Washington, DC 
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J. Ganley, Shreveport, La 

C. Garcia, Houston, Tex 

J. D. Gass, Miami, Fla 

H. Geggel, Seattle, Wash 

T. George, Baltimore, Md 

I. Gipson, Boston, Mass 

B. Glaser, Baltimore, Md 

J. Glaser, Miami, Fla 

J. Glickson, Baltimore, Md 

J. Glovinsky, Baltimore, Md 

R. Glynn, Boston, Mass 

R. Goldberg, Los Angeles, Calif 
S. Gollamudi, Baltimore, Md 
K. Gollnik, Baltimore, Md 

D. Goodman, San Francisco, Calif 
G. Goodman, Owings Mills, Md 
J. Goodwin, Chicago, Ill 

J. Gottsch, Baltimore, Md 

E. Gragoudas, Boston, Mass 
A. Grajewski, Miami, Fla 

M. Greenwald, Chicago, Ill 

W. S. Grizzard, Tampa, Fla 

J. Grunwald, Philadelphia, Pa 
R. Guthoff, Hamburg, Germany 
F. Gutman, Cleveland, Ohio 

D. Guyton, Baltimore, Md 

B. Haik, New Orleans, La 

J. Haller, Baltimore, Md 

T. Hamburg, Baltimore, Md 

T. Harbin, Jr, Atlanta, Ga 

R. Hardy, Houston, Tex 

G. Harris, Milwaukee, Wis 

P. Harrison, Severna Park, Md 
D. Hatchell, Durham, NC 

M. Hatlie, Chicago, Ill 

B. Hawkins, Baltimore, Md 

S. Hayreh, Iowa City, Iowa 

Y. He, Dallas, Tex 

J. Heckenlively, Los Angeles, Calif 
E. Helveston, Indianapolis, Ind 
D. Henderly, Chicago, Ill 

R. Hendricks, Chicago, Ill 

D. Heuer, Los Angeles, Calif 
T. Hewitt, Baltimore, Md 

E. Higginbotham, Ann Arbor, Mich 
E. Hirschfeld, Chicago, Ill 

B. Hochheimer, Laurel, Md 

P. Hoffman, Baltimore, Md 

J. Holladay, Houston, Tex 

G. Holland, Los Angeles, Calif 
J. Hoopes, Baltimore, Md 

W. Hoppe, Chicago, Ill 

A. Hornblass, New York, NY 
H. D. Hoskins, San Francisco, Calif 
E. Howard, Chicago, Ill 

W. Hoyt, San Francisco, Calif 
D. Hubel, Boston, Mass 

G. Hutchins, Baltimore, Md 

B. T. Hutchinson, Boston, Mass 
L. Hyman, Stony Brook, NY 

J. Iliff, Baltimore, Md 

N. Iliff, Baltimore, Md 

D. Ilstrup, Rochester, Minn 

A. Irvine, San Francisco, Calif 
S. Isenberg, Los Angeles, Calif 
D. Jabs, Baltimore, Md 

S. Jacobson, Miami, Fla 

G. Jaffe, Durham, NC 
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H. Jampel, Baltimore, Md 

A. Jampolsky, San Francisco, Calif 
J. Javitt, Baltimore, Md 

A. Jensen, Baltimore, Md 

J. Jerdan, Baltimore, Md 

C. Johnson, Davis, Calif 

D. Johnson, Rochester, Minn 
M. Johnson, Baltimore, Md 

M. Johnson, Cambridge, Mass 
R. Johnson, San Francisco, Calif 
D. Jones, Houston, Tex 

G. F. Judisch, Iowa City, Iowa 
M. Kaiser-Kupfer, Bethesda, Md 
R. Kalina, Seattle, Wash 

A. Kampik, Wurzburg, Germany 
H. Kaplan, St Louis, Mo 

J. Karesh, Baltimore, Md 

H. Kashima, Baltimore, Md 

M. Kass, St Louis, Mo 

J. Katowitz, Philadelphia, Pa 
B. Katz, San Francisco, Calif 
J. Katz, Baltimore, Md 

H. Kaufman, New Orleans, La 
J. Kelley, Towson, Md 

D. Kennedy, Baltimore, Md 

J. Kennerdell, Pittsburgh, Pa 
K. Kenyon, Boston, Mass 

A. Khodadoust, New Haven, Conn 
E. Kidwell, Baltimore, Md 

A. Kimura, Iowa City, Iowa 

M. Kincaid, St Louis, Mo 

J. Kivlin, Salt Lake City, Utah 
B. Klein, Madison, Wis 

R. Klein, Madison, Wis 

L. Kline, Birmingham, Ala 

G. Klintworth, Durham, NC 

S. Klyce, New Orleans, La 

D. Knox, Baltimore, Md 

D. Koch, Houston, Tex 

N. Kolodny, Boston, Mass 

G. Kracher, Baltimore, Md 

J. Krachmer, Iowa City, Iowa 
M. Kraff, Chicago, Ill 

A. Kreiger, Los Angeles, Calif 
J. Kronish, Miami, Fla 

T. Krupin, Chicago, Ill 

B. Kushner, Madison, Wis 

P. Kwiterovich, Baltimore, Md 
P. Laibson, Philadelphia, Pa 

V. Lakhanpal, Baltimore, Md 
S. Lambert, Atlanta, Ga 

M. Landers, Sacramento, Calif 
M. Langham, Baltimore, Md 
D. Langston, Boston, Mass 

A. Laties, Philadelphia, Pa 

W. Layden, Tampa, Fla 

J. Leahy, Philadelphia, Pa 

P. Lee, Baltimore, Md 

H. Leibowitz, Boston, Mass 

M. Lemp, Washington, DC 

I. Leopold, Irvine, Calif 

M. C. Leske, Stony Brook, NY 
S. Lessell, Boston, Mass 

R. Levene, Birmingham, Ala 
H. Lewis, Los Angeles, Calif 
M. Lewis, Miami, Fla 

R. Lewis, Houston, Tex 

M. Lieberman, San Francisco, Calif 


J. Lim, Baltimore, Md 

J. Linberg, Cleveland, Ohio 

H. Lincoff, New York, NY 

T. Lindquist, Seattle, Wash 

R. Lindstrom, Minneapolis, Minn 
R. Liss, Baltimore, Md 

S. Liu, Baltimore, Md 

P. Lopez, Baltimore, Md 

M. Loury, Baltimore, Md 

J. Lustbader, Baltimore, Md 

G. Lutty, Baltimore, Md 

M. Lynch, Atlanta, Ga 

R. Machemer, Durham, NC 

M. Macsai, Morgantown, WVa 
M. Mafee, Chicago, Ill 

A. Maguire, Royal Oak, Mich 
M. Maguire, Baltimore, Md 

M. Mainster, Kansas City, Kan 
S. Mandelbaum, New York, NY 
M. Mannis, Sacramento, Calif 
R. Margherio, Royal Oak, Mich 
C. Margo, Gainesville, Fla 

J. Markowitz, Baltimore, Md 
M. Marmor, Stanford, Calif 

R. Massof, Baltimore, Md 

A. Matoba, Houston, Tex 

A. E. Maumenee, Baltimore, Md 
I. Maumenee, Baltimore, Md 
R. McCally, Baltimore, Md 

B. McCuen, Durham, NC 

J. McCulley, Dallas, Tex 


H. R. McDonald, San Francisco, Calif 


M. McDonald, New Orleans, La 
J. McDonnell, Los Angeles, Calif 
P. McDonnell, Los Angeles, Calif 
L. MeLoon, Minneapolis, Minn 
S. McRae, Portland, Ore 

C. Meinert, Baltimore, Md 

D. Meisler, Cleveland, Ohio 

T. Meredith, Baltimore, Md 

M. Mets, Chicago, Ill 

D. Meyer, Dallas, Tex 

R. Meyer, Ann Arbor, Mich 

R. Michels, Baltimore, Md 

W. Mieler, Milwaukee, Wis 

N. Miller, Baltimore, Md 

R. Mills, Seattle, Wash 

D. Minckler, Los Angeles, Calif 
J. Moisseiev, Baltimore, Md 

. Mondino, Los Angeles, Calif 
. Morgan, Huntington, WVa 

. Moses, St Louis, Mo 

. Munnerlyn, Sunnyvale, Calif 
. L. Murphree, Los Angeles, Calif 
. Murphy, San Francisco, Calif 
. Murphy, Baltimore, Md 
Murphy, Baltimore, Md 

T. Murray, Milwaukee, Wis 

D. Musch, Ann Arbor, Mich 

S. Nanda, Baltimore, Md 

J. Nathans, Baltimore, Md 

L. Nelson, Philadelphia, Pa 

S. Newman, Charlottesville, Va 
D. Newsome, New Orleans, La 
V. Nirankari, Baltimore, Md 

K. Noble, New York, NY 

M. Novak, Beachwood, Ohio 

R. Nussenblatt, Bethesda, Md 
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T. O’Brien, Baltimore, Md 

D. O’Day, Nashville, Tenn 

J. O'Donnell, San Francisco, Calif 
S. Obstbaum, New York, NY 
T. Ogden, Los Angeles, Calif 
R. J. Olk, St Louis, Mo 

K. Olsen, Miami, Fla 

D. Orth, Chicago, Ill 

E. Pacheco, Baltimore, Md 

S. Packer, Manhasset, NY 

R. Pagon, Seattle, Wash 

A. Palestine, Washington, DC 
E. Palmer, Portland, Ore 

R. Panton, Baltimore, Md 

J. Parker, Baltimore, Md 

M. Parks, Washington, DC 

L. Parver, Washington, DC 

L. Pasquale, Baltimore, Md 

D. Paton, Flushing, NY 

A. Patz, Baltimore, Md 

J. Payne, Baltimore, Md 

N. Peachey, Maywood, Ill 

J. Pederson, Minneapolis, Minn 
J. Pepose, St Louis, Mo 

B. Petty, Baltimore, Md 

G. Peyman, New Orleans, La 
R. Pfister, Birmingham, Ala 

S. Pflugfelder, Miami, Fla 

I. Pollack, Baltimore, Md 

T. Poole, Baltimore, Md 

M. Potter, Baltimore, Md 

R. Prendergast, Baltimore, Md 
C. Puliafito, Boston, Mass 

J. Pulido, Iowa City, Iowa 

A. Putterman, Chicago, Ill 

R. Pyeritz, Baltimore, Md 

H. Quigley, Baltimore, Md 

E. Raab, New York, NY 

Y. Rabinowitz, Baltimore, Md 
R. Radius, Milwaukee, Wis 

S. Raja, Baltimore, Md 

L. Rand, Boston, Mass 

N. Rao, Los Angeles, Calif 

P. Rapoza, Madison, Wis 

J. Read, Baltimore, Md 

M. Refojo, Boston, Mass 

R. Reinecke, Philadelphia, Pa 
M. Repka, Baltimore, Md 

T. Rice, Cleveland, Ohio 

R. Richards, Baltimore, Md 

R. Richter, Baltimore, Md 

H. Ripps, Chicago, Ill 

R. Ritch, New York, NY 

R. Robb, Boston, Mass 

D. Robertson, Rochester, Minn 
J. Robertson, Portland, Ore 

A. Robin, Baltimore, Md 

J. Robin, Chicago, Ill 

D. Robinson, Baltimore, Md 
K. Robinson, West Lafayette, Ind 
M. Rodrigues, Baltimore, Md 
M. Rondeau, New York, NY 

J. Rootman, Vancouver, Canada 
J. Rosenbaum, Portland, Ore 
M. Rosenberg, Silver Spring, Md 
P. Rosenberg, Baltimore, Md 
B. Rosner, Lexington, Mass 

R. Rothman, Chicago, Ill 


J. Rowsey, Oklahoma City, Okla 
G. Rubin, Baltimore, Md 

M. Rubin, Gainesville, Fla 

S. Ryan, Los Angeles, Calif 

J. Sacks, Cincinnati, Ohio 

A. Sadun, Los Angeles, Calif 
S. Salasche, Boston, Mass 

D. Samid, Bethesda, Md 

G. Sanborn, Dallas, Tex 

P. Savino, Philadelphia, Pa 

D. Schanzlin, St Louis, Mo 

H. Schatz, San Francisco, Calif 
O. Schein, Baltimore, Md 

S. Schocket, Baltimore, Md 

R. Schultz, Milwaukee, Wis 

J. Schuman, Boston, Mass 

I. Schwab, Sacramento, Calif 
L. Schwab, Bethesda, Md 

B. Schwartz, Boston, Mass 

D. Schwartz, Baltimore, Md 
W. Scott, Iowa City, Iowa 

M. Sears, New Haven, Conn 
J. Seddon, Boston, Mass 

S. C. Selden, Baltimore, Md 
R. Sergott, Philadelphia, Pa 
B. Shields, Durham, NC 

C. Shields, Philadelphia, Pa 

J. Shields, Philadelphia, Pa 

D. Shin, Detroit, Mich 

P. Sieving, Ann Arbor, Mich 
A. Silverstein, Baltimore, Md 
W. Simaitis, Thornwood, NY 
K. Simons, Baltimore, Md 

J. Sipperley, Scottsdale, Ariz 
D. Sliney, Fallston, Md 

R. Small, Oklahoma City, Okla 
W. Smiddy, Miami, Fla 

E. Smith, Iowa City, Iowa 
M. Smith, St Louis, Mo 
R. Smith, Los Angeles, Calif 
G. Smolin, San Francisco, Calif 
R. Snyder, Tucson, Ariz 
S. Sokol, Boston, Mass 

D. Soll, Philadelphia, Pa 

A. Sommer, Baltimore, Md 

K. Soong, Ann Arbor, Mich 

G. Spaeth, Philadelphia, Pa 

R. Spencer, Richmond, Va 

R. Sperduto, Bethesda, Md 

R. Stamper, San Francisco, Calif 
R. Steinert, Boston, Mass 

G. Stern, Gainesville, Fla 

P. Sternberg, Atlanta, Ga 

E. Stone, Iowa City, Iowa 

B. Straatsma, Los Angeles, Calif 
J. W. Streilein, Miami, Fla 

R. D. Stulting, Atlanta, Ga 

A. Sugar, Ann Arbor, Mich 

M. Sulewski, Baltimore, Md 

J. Sunness, Baltimore, Md 

J. Talamo, Boston, Mass 

H. Taylor, Melbourne, Australia 


R. Tenzel, North Miami Beach, Fla 


H. Tessler, Chicago, Ill 

R. Thoft, Pittsburgh, Pa 

G. Thomas, Baltimore, Md 

H. S. Thompson, Iowa City, Iowa 
J. Thompson, New Haven, Conn 
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K. Thompson, Miami, Fla 

J. Tielsch, Baltimore, Md 

F. Tolentino, Boston, Mass 
E. Traboulsi, Baltimore, Md 
V. Trinkaus-Randall, Boston, Mass 
B. Tripathi, Chicago, Ill 

R. Tripathi, Chicago, Ill 

S. Trokel, New York, NY 

M. Trousdale, Los Angeles, Calif 
R. Troutman, New York, NY 

D. Tse, Miami, Fla 

S. Tseng, Miami, Fla 

M. Tso, Chicago, Ill 

R. Tusa, Baltimore, Md 

D. Valle, Baltimore, Md 

E. M. van Buskirk, Portland, Ore 
S. Varma, Baltimore, Md 

A. Vine, Ann Arbor, Mich 

S. Vitale, Baltimore, Md 

G. von Noorden, Houston, Tex 
W. Wacker, Louisville, Ky 

S. Wajer, Baltimore, Md 

D. Wallace, Atlanta, Ga 

D. Walton, Boston, Mass 


G. Waring, Atlanta, Ga 

R. Webb, Boston, Mass 

R. Weinberg, Richmond, Va 

T. Weingeist, Iowa City, Iowa 
R. Weinreb, San Diego, Calif 
G. Weinstein, Morgantown, W Va 
M. Weisfeldt, Baltimore, Md 
A. Weiss, Tampa, Fla 

J. Weiter, Boston, Mass 

R. Welch, Baltimore, Md 

C. Wells, Seattle, Wash 

E. Werner, Philadelphia, Pa 

K. West, Baltimore, Md 

S. West, Baltimore, Md 

M. Whitacre, Kansas City, Kan 
J. Wilensky, Chicago, Ill 

K. Wilhelmus, Houston, Tex 


C. P. Wilkinson, Oklahoma City, Okla 


G. Williams, Royal Oak, Mich 
G. M. Williams, Baltimore, Md 
J. K. Willson, Cleveland, Ohio 
D. Wilson, Portland, Ore 

R. Wilson, Philadelphia, Pa 

J. Wirtschafter, Minneapolis, Minn 
J. Wittpenn, Stony Brook, NY 
F. Wong, Durham, NC 

T. Wood, Memphis, Tenn 

K. Wright, Los Angeles, Calif 
M. Yablonski, New York, NY 
Yannuzzi, New York, NY 

. Yanoff, Philadelphia, Pa 

. Yee, Indianapolis, Ind 

. Young, Baltimore, Md 
Young, Austin, Tex 

Younge, Rochester, Minn 

Y. Yue, Chicago, Ill 

. Zack, Baltimore, Md 

. Zahl, New York, NY 

. Zarbin, San Francisco, Calif 
. Zee, Baltimore, Md 

. Zeimer, Chicago, Ill 
Zimmerman, Washington, DC 
. Zimmerman, Philadelphia, Pa 
T. Zimmerman, Louisville, Ky 
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Vitamin and Mineral Supplement 


- HIGH POTENCY ZINC 
-WITH ANTIOXIDANTS 


IF YOUR PATIENTS 
ARE NUTRITIONALLY 
DEFICIENT... 


A recent survey of the dietary 
habits of Americans revealed that 
intake levels of many essential 
minerals were below the low end 
of the Estimated Safe and Ade- 
quate Daily Dietary Intake range, 
and represented less than 80% of 
the US RDA! Older Americans, in 
particular, are at risk of low in- 
takes in these micronutrients, es- 
pecially copper and zinc! Another 
nationwide study concluded that 
a substantial portion of older 
Americans consumed nutrition- 
ally inadequate diets.’ 


HERE’S A SUPPLEMENT 
RIGHT FOR THEM 


OCUVITE has been designed to 
provide nutritional support for 
your patients. Its unique formula- 
tion includes 40 mg of elemental 
zinc as zinc oxide, the most con- 
centrated form of zinc * That’s 
267% of the US RDA—more zinc 
than any leading multivitamin/ 
multimineral product. 


OCUVITE also contains 100% 
of the US RDA for the antioxidant 
vitamins C, E, and A (as beta 
carotene), and copper, as well 
as selenium, a mineral with anti- 
oxidant activity. 
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REASONABLY PRICED 


Less expensive than other leading 
multivitamin supplements? 
OCUVITE has been priced with the 
elderly patient’s budget in mind. 


*Zinc oxide contains more elemental zinc than any 
other zinc salt (ie: zinc sulfate or zinc gluconate). 


FORMULATED WITH ESSENTIAL MICRONUTRIENTS 


Zinc 40mg Vitamin C 60mg Vitamin E 30 IU Vitamin A 5000 IU Copper 2mg Selenium 40mcg 
(elemental) (as Beta Carotene) | (elemental) 


Oysters, red meat, 
liver, soybeans, 
spinach, sunflower 
seeds 


Citrus fruits, 
tomatoes 





Eggs, organ meats, Dairy products, 

wheat germ, dark green and yellow 

green vegetables, _ fruits and vegetables, nuts 
fish liver oil 


Eggs, garlic, leafy 
green vegetables, 
liver, seafood, 
bran 


Legumes, organ 
meats, seafood, 


RECOMMENDED INTAKE: Adults: One tablet, one or two times daily or as directed by physician. 
References: 1. Pennington JAT, Young BE, Wilson DB, Johnson RD, Vanderveen JE. Mineral content of foods and total diets: The Selected Minerals in Foods Survey, 1982 to 1984. J Am 


Diet Assoc. 1986;86:876-878. 2. Fanelli MT, Stevenhagen KJ. Characterizing consumption patterns by food frequency methods: core foods and variety of foods in diets of older Americans. 
J Am Diet Assoc. 1985;85:1570-1576. 3. Red Book® Update. Oradell, NJ. Medical Economics Co Inc, 1990;July:48. 


The uniquely-shaped tablet design is a registered trademark. 
Distributed by 
Lederle 
LEDERLE LABORATORIES DIVISION 


American Cyanamid Company 
Pearl River, NY 10965 


Marketed by 


STORZ OPHTHALMICS, INC. 
St. Louis, MO 63122 





© 1990 STORZ Printed in USA NOVEMBER 1990 SPA-3661-B 


Continuing Medical Education 


Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities for 
inclusion in the list free of charge. Listings will be published for 3 consecutive months and 
should be received at least 5 months prior to date of course, eg, for a June course by Jan 1 
to be included in the March, April, and May issues. A course held between the first and 
14th days, inclusively, will appear in the preceding month’s issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Anne Meltzer, Archives of Ophthalmology, CME, 
600 N Wolfe St, Baltimore, MD 21205. Readers are encouraged to contact the accredited 
sponsor for more detailed information. 


ARIZONA CALIFORNIA 


17th Ann Frontiers in Ophthalmol At: Scotts- 


dale Dates: 2/21/91 to 2/23/91 Reg Fee: $375 
Contact: Christine Campbell, Mtg Planner, 
Frontiers in Ophthalmol, 1419 E Divot Dr, Tem- 
pe, AZ 85283; (602) 820-7027 


Jules Stein Eye Inst Ann Postgrad Sem 25th 
Anniversary Celebration At: Beverly Hills 
Dates: 3/7/91 to 3/9/91 Hrs Instr: 24 Contact: 
Gretchen Falvo, Jules Stein Eye Inst, Dir of 


BASICSCIENCE COURSE 


mn OPHTHALMOLOGY a 
AT S TANFORD July 1 through August 29, 199] NN anf À A 


Acad Prgms, 100 Stein Plaza, UCLA, Los An- 
geles, CA 90024-7000; (213) 825-4617 


Adv Vitrectomy Workshop At: Los Angeles 
Dates: 1/11/91 to 1/12/91 Hrs Instr: 16 Reg Fee: 
$500 Contact: Gretchen Falvo, Dir of Academic 
Prgms, Jules Stein Eye Inst, 100 Stein Plaza, 
UCLA, Los Angeles, CA 90024-700; (213) 825- 
4617 


60th Ann Mid-Winter Ophthalmol Clin Conf At: 
Los Angeles Dates: 2/8/91 to 2/10/91 Hrs Instr: 
up to 15 Reg Fee: $295 for practicing physicians 
before 1/1/91, $350 after 1/1/91; $160 for resident 
phys & retired phys Sponsor: Res Study Club of 
Los Angeles Contact: Ms Louise Ball, Exec 
Secy, PO Box 1216, Murrieta, CA 92362; (714) 
677-4482 


Ophthalmol Cont Educ Prgms 1989-1990 At: 
Los Angeles Dates: throughout 1990 Sponsor: 
Jules Stein Eye Inst and Dept of Ophthalmol, 
UCLA Sch of Med Contact: Gretchen Falvo, 
Dir, Academic Prgms; (213) 825-4617 


Pacific Coast Oto-Ophthalmol Soc 75th Ann 
Mtg At: Monterey Dates: 6/15/91 to 6/19/91 
Contact: Mireya Jones, PCOOS Manager, 115 
W California Blvd, Suite 405, Pasadena, CA 
91105; (818) 564-8114 


10th Ann Squaw Valley Retina Symp At: Olym- 

pic Valley Dates: 2/3/91 to 2/7/91 Hrs Instr: 16 
Sponsor: Sacramento Retinal Soc Contact: 
Mercy Gen Hosp, Community Relations, 4001 
“J” St, Sacramento, CA 95819; (916) 454-4410 


The Management of Eye Trauma At: Stanford 
Date: 1/19/91 Contact: Cont Educ Prgm, Dept 


(Continued on p 1789.) 
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At! 


Learn the fundamentals of ophthalmology, through intensive lecture and laboratory work, at beautiful 
Stanford University near San Francisco. Both American and foreign participants are welcome. 


Sections include Anatomy, Microbiology and External Diseases, Pathology, Retinal Physiology and 
Biochemistry, Embryology, Genetics, Motility, Glaucoma, Pharmacology, Neuro-ophthalmology, 
Fluorescein Angiography, Optics and Theory of Refraction, and other important shorter subjects. 


Instructors include Doctors C. Beard, J. Bettman, D. Char, C. Dawson, D. Demartini, R. Dryden, 
P. Egbert, J. Eliason, M. Fishman, A. Flach, D. Guyton, J. Hetherington, C. Hoyt, M. Marmor, 
G. Paris, H. Schatz, A. Scott, W. Scott, T. Shults, G. Smolin, W. Spencer, S. Williams and many 


other enthusiastic teachers on the faculty of 60. 


Sponsored by the Department of Ophthalmology, Stanford University Medical Center and presented 
in cooperation with the University of California, Davis; Pacific Presbyterian Medical Center; andthe 


University of California, San Francisco. 


Tuition is$1750. Students may arrange to attend individual sections or divide the course between 
two years. For further information and application forms, please write to Basic Science Course; 


P.R. Egbert, M.D., Director; Department of Ophthalmology, A-157; Stanford Medical Center; 


Stanford, CA 94305-5308. 





Wills Eye Hospital Pennsylvania Academy of Ophthalmology 
47th Annual Meeting 


James Augsburger, M.D., Conference Chairman 


43rd Annual Conference 


Thursday, April 11, through Saturday, April 13, 1991 
Adam's Mark Hotel, Philadelphia 


This conference is a Clinically oriented meeting designed with the practicing general 
ophthalmologist in mind. It is intended to provide clinicians with pertinent information on 


techniques and instruments that can be used in an ophthalmic practice. 


Special Lectures 
Arthur J. Bedell Memorial Lecture Irving H. Leopold Lecture 
Charles Kelman, M.D. Paul R. Lichter, M.D. 
New York, NY Ann Arbor, MI 
Symposia 
Clinical Challenges for State and National Issues 
General Ophthalmologists of Importance to Ophthalmologists 
Peter Savino, M.D., moderator Mark Blecher, M.D., moderator 
Friday, April 12, 1991 Thursday, April 11, 1991 


Bernard C. Gettes Memorial Symposium 
on Cataract and IOL Surgery 
Stephen Lichtenstein, M.D., moderator 
Saturday, April 13, 1991 


Scientific and Technical Papers 
to be presented by Wills Eye Hospital alumni and staff and members of the Pennsylvania 


Academy of Ophthalmology 
Wills Eye Hospital participants (partial list) 


William Benson, M.D. Gary Brown, M.D. Joseph Calhoun, M.D. 
Elizabeth Cohen, M.D. Ralph Eagle, M.D. Jay Federman, M.D. 
Joseph Flanagan, M.D. Peter Laibson, M.D. Leonard Nelson, M.D. 
Robert Sergott, M.D Jerry Shields, M.D. George Spaeth, M.D. 
Mary Stefanyszyn, M.D. William Tasman, M.D. Richard Wilson, M.D. 


This continuing Medical Education activity is accredited for 16 Credit Hours in Category 1 
for the Physician's Recognition Award of the American Medical Association. 


Affiliated Meetings ——————— 


Ophthalmic Nurses' Conference Ophthalmic Technicians' Meeting 
"Focus on General Ophthalmic Nursing" Philadelphia Regional Ophthalmic Society 
Heather Boyd-Monk, Program Director Kathleen Santa Maria, Program Director 

Friday, April 12, 1991 Thursday, April 11, 1991 


School Nurses' Program 
Heather Boyd-Monk, Program Director 
Saturday, April 13, 1991 
Technical Exhibits 
to be presented by Ophthalmic Instrument, Product, and Service companies in the 
Exhibition Center of the hotel throughout the conference 


For additional information, contact Jeanne E. Coughlin, Meeting Manager, 1621 Norristown Road, 
Maple Glen, PA 19002, telephone (215) 641-9569 
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of Ophthalmol, A-157, Stanford Univ Med Ctr, 
Stanford, CA 94305-5308; (415) 723-5517 


Basic Sci Course in Ophthalmol At: Stanford 

Dates: 7/1/91 to 8/29/91 Reg Fee: $1750 Con- 
tact: Basic Sci Course, P. R. Egbert, MD, Dir 
Dept of Ophthalmol, A-157, Stanford Med Ctr, 
Stanford, CA 94305-5308 


COLORADO 


Adv Aspen Anterior Segment Sem At: Aspen 
Dates: 3/4/91 to 3/8/91 Contact: Sharlee Dodd, 
Conf Coord, Dulaney Eye Found, 9425 W Bell 
Rd, Sun City, AZ 85351; (602) 933-3845 


The Wilmer Inst Current Concepts Ophthalmol 
Eighth Ann Mgt At: Vail Dates: 3/9/91 to 
3/16/91 Hrs Instr: 30 Reg Fee: $500, $350 (those 
in trng) Contact: Off of Cont Educ, The Johns 
Hopkins Med Inst, Turner Bldg, 720 Rutland 
Ave, Baltimore, MD 21205-2195; (301) 955-2959 


FLORIDA 


Pediatric Ophthalmol Cruise Sem At: Ft Lau- 
derdale Dates: 1/5/91 to 1/12/91 Sponsor: Chil- 
drens Hosp of Los Angeles Contact: Kenneth 
W. Wright, MD, Childrens Hospital of Los An- 
geles, Div of Ophthalmol, 4650 Sunset Blvd, 
Los Angeles, CA 90027; (213) 669-2513 


Canadian Implant Assn Florida Winter Work- 
shop At: Hollywood Dates: 12/27/90 to 12/29/90 
Contact: Marvin L. Kwitko, MD, Prgm Chair- 


man, 5591 Cote des Neiges Rd, Montreal, Que- 
bee, Canada, H3T 1Y8; (514) 735-1133 


Uveitis for the Practicing Ophthalmologist At: 
Miami Dates: 1/18/91 to 1/19/91 Hrs Instr: 9.5 
Reg Fee: $225 Contact: Bascom Palmer Eye 
Inst, PO Box 015869, Miami, FL 33101; (305) 
326-6099 


Fifth Ann Mid-Winter Sarasota Vitreoretinal 
Update Course At: Sarasota Dates: 2/27/91 to 
3/2/91 Sponsor: Sarasota Retina Inst Contact: 
Joanne Jackson, Course Coord, 3400 Bee 
Ridge Rd, Sarasota, FL 34239; (813) 921-5335 


GEORGIA 


28th Ann Emory Univ Dept of Ophthalmol 
Alumni Postgrad Course At: Buckhead Dates: 
2/22/91 to 2/23/91 Contact: CME, Emory Univ 
Sch of Med, Woodruff Health Sci Admin Bldg, 
1440 Clifton Rd, NE, Atlanta, GA 30322 


HAWAII 


12th Ann Royal Hawaiian Eye Mtg At: Honolu- 

lu Dates: 1/19/91 to 1/26/91 Hrs Instr: 28 Con- 
tact: Mary Charles & Assoc, 2334 S King St, 
Suite 205, Honolulu, HI 96826; (808) 942-9655 


MARYLAND 


The Retinal Vascular Center Winter Meeting: 
Contemporary Issues in Macular Disease At: 
Baltimore Date: 2/8/91 Hrs Instr: 7.5 Reg Fee: 
$195, practicing physicians; $100, residents and 


SIXTIETH ANNUAL 


fellows Contact: Office of Cont Educ, The Johns 
Hopkins Med Inst, Turner 20, 720 Rutland Ave, 
Baltimore, MD 21205-2195 


50th Anniv Mtg of the Wilmer Residents Assn 
At: Baltimore Dates: 4/25/91 to 4/27/91 Con- 
tact: Jo Ann L. Young, Wilmer 232, The Johns 
Hopkins Hosp, 600 N Wolfe St, Baltimore, MD 
21205; (801) 955-2830 


Third National Eye Inst Symp on Eye Dis Epi- 
demiology At: Bethesda Dates: 3/25/91 to 
3/27/91 Contact: Johanna McDonough, Senior 
Conf Specialist, Social & Sci Systems, 7101 Wis- 
consin Ave, Suite 610, Bethesda, MD 20814- 
4805; (305) 986-4870 


NEVADA 


Contact Lens Assn of Ophthalmologists 
(CLAO) 1991 Ann Mtg At: Las Vegas Dates: 
1/13/91 to 1/16/91 Contact: Mtgs Registrar, 
CLAO, 523 Decatur St, Suite 1, New Orleans, 
LA 70130-0127; (504) 581-4000, FAX (504) 581- 
5884 


NEW YORK 


The LuEsther T. Mertz Vitreous-Retina-Macula 
Lectures At: New York Dates & Speakers: 
1/15/91-Froncie A. Gutman, MD; 3/19/91-James 
J. Augsburger, MD Sponsor: Dept of Ophthal- 
mol, Manhattan Eye, Ear & Throat Hosp Con- 
tact: Kimberly Corbin, Course Coord, Dept of 
Ophthalmol, MEETH, 210 E 64th St, New York, 
NY 10021; (212) 605-3761 


(Continued on p 1791.) 





MID-WINTER OPHTHALMOLOGY CLINICAL CONFERENCE 


Sponsored by the. 


RESEARCH STUDY CLUB OF LOS ANGELES 
Friday, Saturday, Sunday, February 8, 9, 10, 1991 
Moseley-Salvatori Conference Center 
637 South Lucas Avenue, Los Angeles, California 90017 


GUEST FACULTY 


EVE HIGGENBOTHAM, M.D., Ann Arbor, MI 
RICHARD L. LINDSTROM, M.D., Minneapolis, MN 
WILLIAM SCOTT, M.D., Jowa City, IA 


WM. T. SHULTS, Portland, OR 


Organized in 1913 and incorporated in 1932, this continuing education program for ophthalmologists and 
otolaryngologists maintains an outstanding reputation for excellent speakers. The 60th anniversary will 
be a gala event and provides as many as 15 Category I credits toward the CMA Certificate in Continuing 
Medical Education and the AMA Physicians Recognition Award. The program format features lectures, 
panel discussions, and luncheon question and answer sessions with the faculty. 


J. BRONWYN-BATEMAN, M.D., Program Co-Chairman 
JAMES SALZ, M.D., Program Co-Chairman 


Registration Fee: $295 for practicing physicians if received before January 1, 1991; $350 after that date. 
(Military physicians pay the same fee as practicing physicians) 
$160 for resident physicians, retired physicians 
For further information on registration, hotel reservations, or exhibits, contact: 
Ms. Louise Ball, Executive Secretary, 


P.O. Box 1216, Murrieta, CA 92362, or call/FAX (714) 677-4482 1789 
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The Retinal Vascular Center 
The Wilmer Institute 
Winter Meeting 


CONTEMPORARY ISSUES 
IN MACULAR DISEASE 


February 8, 1994 
Baltimore, Maryland 





Course Description: 












The Winter Meeting of the Retinal Vascular Center will focus on contemporary issues in macular disease. In addition 
to lectures, there will be presentations of interesting cases for discussion by faculty and registrants. This format, always 
popular with the audience, greatly enhances the learning process. 


Age-Related Macular Degeneration Hereditary Dystrophies 

Retinal Telangiectasia Vascular Occlusive Disease 

Pigment Epithelial Detachment Infectious Retinitis 

Diabetic Macular Edema Photocoagulation for Selected Maculopathies 
Inflammatory Diseases of the Posterior Pole Tumors of the Posterior Pole 


Wilmer Institute Faculty: 





Stuart L. Fine, M.D. Daniel Finkelstein, M.D. Travis A. Meredith, M.D. 
Neil M. Bressler, M.D. Morton F. Goldberg, M.D. Robert P. Murphy, M.D. 
Susan B. Bressler, M.D. Julia A. Haller, M.D. Andrew P. Schachat, M.D. 










Location: For Further Information: 

Thomas B. Turner Building Office of Continuing Education 

The Johns Hopkins Medical The Johns Hopkins Medical Institutions 
Institutions Turner 20 

Baltimore, Maryland 720 Rutland Avenue 

edits: Baltimore, Maryland 21205-2195 

7.5 AMA Category I IER 

Fees: 

$195 

$100 (residents and fellows 





with letter verifying status) 


\ \ The Johns Hopkins Medical Institutions 
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The Edward S. Harkness Eye Inst, Columbia- 
Presbyterian Med Ctr 1990-1991 Basic Sci and 
Clin Sci Course At: New York Dates: 1/3/91 to 
1/31/91 (Basie Sci Course) and 10/8/90 to 3/22/91 
(Clin Sei Course) Reg Fee: $750 Contact: Ms 
Clara Duffy, Prgm Coord, Edward S. Harkness 
Eye Inst, 635 W 165th St, New York, NY 10032; 
(212) 305-2725 


Atlantic Coast Fluorescein Angiography Club 
Mtg At: New York Date: 1/11/91 Contact: Kim- 
berly Corbin, Course Coord, Dept of Ophthal- 
mol, Manhattan Eye, Ear & Throat Hosp, 210 E 
64th St, New York, NY 10021; (212) 605-3761 


The Macula At: New York Date: 1/12/91 Hrs 
Instr: 7 Contact: Kimberly Corbin, Course 
Coord, Dept of Ophthalmol, Manhattan Eye, 
Ear & Throat Hosp, 210 E 64th St, New York, 
NY 10021; (212) 605-3761; FAX (212) 753-7699 


The Eye and Systemic Disease At: New York 
Date: 1/26/91 Contact: Geri C. Weiss, Admin, 
c/o Jesse Sigelman, MD, 1125 Fifth Ave, New 
York, NY 10128; (212) 348-7655 


Seventh Ann Live Ophthalmic Plastic Surg 
Workshop—Masters of Ophthalmic Plastic 
Surg At: New York Dates: 3/1/91 to 3/2/91 Reg 
Fee: $400, attending phys; $200, residents/fel- 
lows Contact: Kimberly Corbin, Course Coord, 
Dept of Ophthalmol, Manhattan Eye, Ear & 
Throat Hosp, 210 E 64th St, New York, NY 
10021; (212) 605-3761; FAX (212) 753-7699 


9th ANNUAL PARK CITY 
MULTIDISCIPLINARY EYE AND FACIAL 


TEXAS 


Saturday Sem Series: Eyelid and Conjunctival 
Tumors At: Dallas Date: 2/16/91 Hrs Instr: 4 
Reg Fee: $50 Contact: Eleanor J. Goldsmith, 
EdD, Educ Coord, Dept of Ophthalmol, UT 
Southwestern Med Ctr, 5323 Harry Hines Blvd, 
Dallas, TX 75235-9057; (214) 688-3848 


The Sixth Ann Cullen Course: Clin Adv in 
Ophthalmol for the Prac Ophthalmologist At: 
Houston Dates: 3/15/91 to 3/17/91 Contact: Lila 
Lerner, Office of Cont Educ, Baylor College of 
Med, One Baylor Plaza, Houston, TX 77030; 
(713) 798-6020 


UTAH 


The Utah Ophthalmological Soc Ann Winter 
Mtg At: Salt Lake City Dates: 2/19/91 to 2/22/91 
Hrs Instr: 15 Contact: Jeanne Crippen, Utah 
Ophthalmological Soc, 540 E Fifth St, Salt Lake 
City, UT 84102; (801) 355-7477 


W VIRGINIA 


Second Ann Ophthalmol Alumni Weekend At: 
Morgantown Dates: 3/8/91 to 3/9/91 Contact: 
Patricia Schumann, Conf Coordinator, Dept of 
Ophthalmol, West Virginia Univ Health Sci Ctr 
N, Morgantown, WV 26506; (304) 293-3757 


FOREIGN 


Internati Alpine Vitreoretinal Symp At: Telfs/ 
Tyrol, Austria Dates: 1/6/91 to 1/13/91 Contact: 


7TH ANNUAL LIVE OPHTHALMIC PLASTIC 
SURGERY WORKSHOP 


Prof Dr S. Binder, c/o Vienna Med Acad, Alser 
Strasse 4, A-1090 Vienna; 0222/42 13 83; FAX 
0222/42 1323 


Seventh Ann Winter Glaucoma Symp & Prac 

Mgmt Sem At: Grand Cayman, British West 
Indies Dates: 2/17/91 to 2/19/91 Hrs Instr: 12 
Reg Fee: $400 (before October 15); $450 (Octo- 
ber 15 and after) Contact: David Townsend, 
Assoc in Med Marketing Co Ine, 9 Pheasant 
Run Rd, Newton, PA 18940; (215) 860-9600 


Prac Aspects of Photocoagulation At: Mexico 
City, Mexico Dates: 2/14/91 to 2/16/91 Reg Fee: 
$150 Sponsors: Eye Research Inst of Boston, 
Hosp Espanol, Mexico Contact: J. Wallace 
McMeel, MD, 100 Charles River Plaza, Boston, 
MA 02114: (617) 523-7810 or Jose M. Celorio, 
MD, Ejerciti National 617-15, 11520 Mexico DF, 
Attn: C. Leon; (525) 250-9744 


The Wilmer Inst Current Concepts in Ophthal- 
mol 13th Ann Mtg At: Dorado, Puerto Rico 
Dates: 2/10/91 to 2/17/91 Hrs Instr: 30 Reg Fee: 
$500, $350 (those in trng) Contact: Off of Cont 
Educ, The Johns Hopkins Med Inst, Turner 
Bldg, 720 Rutland Ave, Baltimore, MD 21205- 
2195; (801) 955-2959 


15th Ann Glaucoma Conf At: St Thomas, US 

Virgin Islands Dates: 1/21/91 to 1/23/91 Hrs 
Instr: 12 Reg Fee: $200, prac phys; $100, resi- 
dents & fellows Contact: Wills Eye Hosp, Dept 
of CME, 9th & Walnut Streets, Philadelphia, PA 
19107 


PLASTIC SURGERY CONFERENCE 
February 9-12, 1991 


Olympic Hotel 
Park City, Utah 


A program for ophthalmologists, 
otorhinolaryngologists, dermatologists, 
plastic Surgeons and oral surgeons. 


Co-Chairmen: 

Robert M. Dryden, M.D., F.A.C.S. Jeffrey C. Popp, M.D., F.A.C.S. 
Clinical Professor, Clinical Assistant Professor, 
Department of Ophthalmology Department of 
University of Arizona Ophthalmology 

College of Medicine University of Nebraska 
Tucson, Arizona Medical Center 
Creighton University 
School of Medicine 
Omaha, Nebraska 


Sponsored by: The University of Nebraska Medical Center, 
Department of Ophthalmology 


Approved for AMA Category | — 16 hours 


For further information, contact: Brenda Ram, University of 
Nebraska Medical Center, Center for Continuing Education, 600 
South 42nd Street, Omaha, NE 68198-5651. Telephone (402) 559- 
4152. 





MASTERS OF OPHTHALMIC 
PLASTIC SURGERY 


March 1 - 2, 199] 
CURRICULUM: This course will cover major topics in 


ophthalmic plastic surgery and will be informally taught by 
lecture and live surgery. They include: orbital and lacrimal 
surgery; blepharoplasty; ptosis surgery; ectropion and 
entropion correction; cryosurgery; enucleation and socket 
surgery; thyroid eyelid malposition, dermis-fat grafting. 
Participants are allowed free access to OR’s, teaching 
classrooms and simulcast video. 

COURSE DIRECTORS: Richard Lisman, M.D., 


Rene Rodriguez-Sains, M.D., Murray Meltzer, M.D., 
Byron Smith, M.D. 


INVITED SURGEONS: Richard L. Anderson, M.D., 
Charles R. Leone, Jr., M.D., Orkan G. Stasior, M.D. 


STAFF SURGEONS: Steven Bosniak, M.D., 
Albert Hornblass, M.D., Hamson Sisler, M.D. 


INSTRUCTORS: B. Arthurs, N. Barna, E. Bedrossian, 
S. Gilbard, K. Hyde, D. MacDonald, E. Maher, 
J. Nassif, P. Silverstone, G. Stasior 
o—_——— 
LIMITED REGISTRATION 
CME CATEGORY I ACCREDITATION 
For further information contact: L Mies cations ME | 
Kimberly Corbin, Course Coordinator OPHTHALMOLOGY 
Department of Ophthalmology eX 
Manhattan Eye, Ear & Throat Hospital 
210 East 64th Street, New York, NY 10021 
(212) 605-3761 Fax: (212) 753-7699 
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Jules Stein Eye Institute 
Annual Postgraduate Seminar 


TWENTY-FIFTH ANNIVERSARY 
CELEBRATION 


Current Concepts in Clinical 
Ophthalmology and Vision Science 


Twenty-Second Jules Stein Lecturers 
H. Gobrind Khorana, Ph.D. 
Stephen J. Ryan, M.D. 

Bruce C. Spivey, M.D. 


Thursday, March 7-Saturday, March 9, 1991 


Beverly Hilton Hotel 
Beverly Hills, California 


Pacific Coast Oto-Ophthalmological 


Society (PCOOS) 
75TH ANNUAL MEETING 
June 15-19, 1991 


Hyatt Regency* Monterey, California 


Guest of Honor: William H. Spencer, M.D. 
San Francisco, California 
Mr. John Wright, FRCS 
London, England 
Invited Speakers: Richard P. Mills, M.D. 
Seattle, Washington 
Steven E. Feldon, M.D. 
Los Angeles, California 
James C. Orcutt, M.D. 
Seattle, Washington 
Dunbar Hoskins,. M.D. 
San Francisco, Califormia 
Don Minckler, M.D. 
Los Angeles, California 


Guest Speaker: 


Papers requested on any ophthalmology subject. Send abstracts by 
January 15, 1991 to James C. Orcutt, M.D., PCOOS Program 
Chairman, Associate Professor, Department of Ophthalmology RJ-10, 


University of Washington, Seattle, WA 98195. 


Guest Faculty 

Stuart L. Fine, M.D. 
Baltimore, Maryland 

Howard V. Gimbel, M.D. 
Calgary, Canada 

Richard H. Keates, M.D. 
Irvine, California 

Paul R. Lichter, M.D. 
Ann Arbor, Michigan 


W Andrew Maxwell, Ph.D., M.D. 


Fresno, California 
Peter J. McDonnell, M.D. 

Los Angeles, California 
Robert S. Molday, Ph.D. 

Vancouver, Canada 


Joram Piatigorsky, Ph.D. 


Bethesda, Maryland 
Robert C. Sergott, M.D. 
Philadelphia, Pennsylvania 
M. Bruce Shields, M.D. 
Durham, North Carolina 
Roy H. Steinberg, M.D., Ph.D. 
San Francisco, California 


J. Gregor Sutcliffe, Ph.D. 


La Jolla, California 
Richard A. Thoft, M.D. 
Pittsburgh, Pennsylvania 
Gunter K. von Noorden, M.D. 
Houston, Texas 
George O. Waring II, M.D. 
Atlanta, Georgia 
Charles G. Zuker, Ph.D. 
La Jolla, California 


This three-day Annual Postgraduate Seminar is offered 
by the Jules Stein Eye Institute in celebration of its 
25th Anniversary Year. The usual Friday-Saturday 
meeting on advances in primarily clinical ophthalmology 
is preceded this year by a Thursday session on recent 
discoveries in the basic sciences underlying vision. 
Three eminent scientists will present Jules Stein Lectures. 


On Friday a concurrent session offers an accredited 
program for ophthalmic professional staff. 


On the first day participants will attend a reception 

in the new Doris Stein Eye Research Center conference 
facilities and the Adam Room. The second day will 
conclude with a reception and the last day with a 
dinner dance, both at the Beverly Hilton Hotel. 


Registration Fees 

Practicing Physician, $395.00 

UCLA Ophthalmology M.D. Faculty; JSEI 1990 Graduates; 
Nonaffiliated Residents, Technicians, $195.00 

UCLA Ophthalmology Ph.D. Faculty, $100.00 

Ophthalmic Professional Staff, 1 day, $150.00 

Vision Science only, 1 day, $50.00 

Dinner Dance, per person, $80.00 


CME Category I Credit, 24 hours for three-day program 


To receive a detailed program announcement, call or write: 
Jules Stein Eye Institute 
Attention: Gretchen Falvo 
Director of Academic Programs 
100 Stein Plaza, UCLA 
Los Angeles, California 90024-7000 
U.S.A. (213) 825-4617 


BN Wills Eye Hospital 


Glaucoma Service 


announces 


The Fifteenth Annual Glaucoma Conference 


January 21-23, 1991 


Frenchman's Reef Beach Resort 
St. Thomas, U.S. Virgin Islands 


Topics to include: 
Optic Disc Evaluation 
Laser and Filtering Surgery 


Combined Cataract and Glaucoma Surgery 


Guest Faculty 
Reay H. Brown, M.D. 
Atlanta, Georgia 


The PCOOS Ophthalmology Resident Award of $500 for the 


outstanding paper with a resident as the principal author.To qualify for 
this award, the paper must be on the program and must be presented at 


the meeting. An abstract must be submitted to Dr. Orcutt by January 


15, 1991. If it is accepted for the program, the full manuscript must be 


submitted for evaluation for the award by April 15, 1991. 


For information regarding the meeting, contact: 
Mireya Jones, PCOOS Manager 


115 W. California Blvd., Suite 405 
Pasadena, CA 91105 
Phone: (818)564-8114 


St. Thomas 


U.S. Virgin Islands 


Tuition Fees: 


Mary Lynch, M.D. 
Atlanta, Georgia 


Donald S. Minckler, M.D. 
Los Angeles, California 


Paul A. Weber, M.D. 
Columbus, Ohio 


To be held at: 
Frenchman's Reef Beach Resort 


Wills Eye Hospital Faculty 
L. Jay Katz, M.D. 

Marlene R. Moster, M.D. 
George L. Spaeth, M.D. 
Richard P. Wilson, M.D. 


L. Jay Katz, M.D. 
Program Chairman 


AMA-CME 12 Credit Hours 
(Category 1) 


Further Information: 

Wills Eye Hospital 

Department of Continuing 
Medical Education 

Oth & Walnut Streets 

Philadelphia, PA 19107 


$200 Practicing Physicians 


$100 Residents & Fellows 


(215) 928-3378 
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AUTHOR INDEX TO VOLUME 108 


In this Index in alphabetical order are listed names of authors of all articles and letters. Full citation is 
given under first author only; reference is made from joint authors. Names which begin with a prefix are 
entered under the prefix. The month is given as a two letter notation in parentheses. 


A 


Aaberg TM see Han DP; Sternberg P Jr 

Abe M see Ohuchi T 

Abelson MB: Viscoelastic Materials: Basic Science and 
Clinical gt Se a (Book Review) 1679 (De) 

Abelson MB, Chambers WA, Smith LM: Conjunctival al- 
lergen challenge: clinical approach to studying allergic 
conjunctivitis, 84 (Ja) 

Abelson MB, Paradis A, George MA, Smith LM, Maguire 
L, Burns R: Effects of vasocon-A in allergen challenge 
model of acute allergic conjunctivitis, 520 (Ap) 

Abrams GW see Bennett SR; Han DP; Koenig SB; Murray 
TG; Williams DF 

Abramson DH: Retinoblastoma incidence in the United 
States (letter) 1514 (No) 

Ackerman AL see Topilow HW 

Aguilar HA see Martin DF 

Aguilar HE see Meredith TA; Sternberg P Jr 

Aitken PA see = 

Akagi Y see Kador PF 

Akiba J, Yoshida A, Trempe CL: Risk of developing a 
macular hole, 1088 (Au) 

Albert DM see Elner SG; Marcus DM; Minkovitz JB; 
O’Brien JM; Seddon JM 

Albert DM, ed: Book reviews, 181 (Fe), 334 (Mr), 491 (Ap), 
790 (Je), 924 (Jy), 1080 (Au), 1222 (Se), 1392 (Oc), 1679 

) 


(De 

Albert DW, Olson KR, Parel J-M, Hernandez E, Lee W, 
Quencer R: Magnetic resonance imaging and retinal 
tacks (letter) 320 (Mr) 

Alcorn D see Traboulsi El 

Alfonso E: Optica Oftalmologia (Book Review) 1535 (No) 

Allan JD see Marcus DM 

Allen CB see Ulshafer RJ 

Allen RH see O’Day DM 

Allingham RR: 

Glaucoma Update III (Book Review) 335 (Mr) 

Perspectives in Glaucoma: transactions of First Scientific 
Meeting of American Glaucoma Society (Book Review) 
655 (My) 

Allingham RR, de Kater AW, Bellows AR, Hsu J: Probe 
placement and power levels in contact transscleral neo- 
dymium: YAG cyclophotocoagulation, 738 (My) 

Alm A see Villumsen J 
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Retinal findings in fat overload syndrome (letter) [Stock] 
329 (Mr) 

—— toxicity of intravitreal gentamicin [Brown] 1740 
(De) 

Subretinal hemorrhage during fluorescein angiography (let- 
ter) [DeJuan] (reply) (Catalino ] 1063 (Au) 

Subretinal hemorrhage from choroidal neovascularization: 
fluorescein angiographic documentation (letter) [Cata- 
lano] 174 (Fe) 

Subretinal neovascularization followin multiple evanes- 
cent white-dot syndrome (letter) [Wyhinny] 1384 (Oc) 

Fluoresceins 

Inhibition of blood-aqueous humor barrier breakdown with 
diclofenac: fluorophotometric study [Kraff] 380 (Mr) 

Vitreous fluorophotometry in insulin-dependent diabetes 
mellitus: correlation with microalbuminuria and diastolic 
blood pressure [Jackson| 1733 (De) 

Fluorescence 

Krypton laser photocoagulation for neovascular lesions of 

e-related macular degeneration: results of randomized 

a trial [Macular Photocoagulation Study Group] 816 
(Je) 

ene Angiography see Fluorescein Angiogra- 


phy 

Fluorescent Antibody Technic 

Immunocytochemical localization of gentamicin in rabbit 
Seay following intravitreal injection [Tabatabay] 723 
(My) 

Immunofluorescence study of corneal wound healing after 
excimer laser anterior heratestonny in the monkey eye 
[Malley] 1316 (Se) 

Lyme disease appears to have many ocular manifestations 
[Smith] 337 (Mr) 

Fluorophotometry 

Inhibition of blood-aqueous humor barrier breakdown with 
diclofenac: fluorophotometrie study [Kraff] 380 (Mr) 

Vitreous fluorophotometry in insulin-dependent diabetes 
mellitus: correlation with microalbuminuria and diastolic 
blood pressure [Jackson | 1733 (De) 

Fluorouracil 

Early intraocular pressure rise after trabeculectomy [ Lieb- 
mann| 1549 (No) 

Glaucoma filtration surgery in monkeys using 5-fluorouri- 
dine in polyanhydride disks [Jampel] 430 (Mr) 

Striate melanokeratosis following trabeculectomy with 5- 
fluorouracil (letter) [Peterson] 1216 (Se) 

Subconjunctival 5-fluorouracil-induced transient striate 
melanokeratosis (letter) [Stank] 1210 (Se) 

Flurbiprofen 

Topical anti-inflammatory agents in animal model of micro- 

ial keratitis [Gritz] 1001 (Jy) 

Topical nonsteroidal agents and corneal wound healing 

Hersh] 577 (Ap) 

Focal Dermal Hypoplasia see Ectodermal Dysplasia 

Fogarty Balloon Catheterization see Balloon Dilatation 

Follow-Up Studies 

Amiodarone-induced lens opacities: 8-year follow-up study 
(letter) [Flach] 1668 (De) 

Krypton laser photocoagulation for neovascular lesions of 
age-related macular degeneration: results of randomized 
i trial (Macular Photocoagulation Study Group] 816 
(Je) 

Persistent and recurrent neovascularization after krypton 
laser photocoagulation for neovascular lesions of age-re- 
lated macular degeneration [Macular Photocoagulation 
Study Group] 825 (Je) 

Results of penetrating keratoplasty by residents [Wiggins | 
851 (Je) 

Results of penetrating keratoplasty for treatment of corneal 
perforations [Nobe] 939 (Jy) 

Trabeculoplasty: results that can mislead! (letter) [Sommer] 
(reply) [Ticho] 167 (Fe) 

Forecasting 

Calculating 1990 Medicare Volume Performance Standard 
and forecasting for 1991 [Foreman] 333 (Mr) 

Foreign Bodies 

Combined phacoemulsification and pars plana vitrectomy 
[Koenig] 362 (Mr) 

Granulomatous acne rosacea of eyelids [Patrinely | 561 (Ap) 

Reiter's keratoconjunctivitis [Wiggins] 280 (Fe) 

32-year follow-up of rigid Schreck anterior chamber lens: 
clinicopathological correlation [Rummelt| 401 (Mr) 

Formaldehyde 

Accidental formaldehyde injection in cosmetic blepharo- 
plasty (letter) [Putterman|] 19 (Ja) 


Formalin see Formaldehyde 

Fourier Analysis 

Histopathologic validation of Fourier-elli sometry mea- 
surements of retinal nerve fiber layer thickness [Wein- 
reb] 557 (Ap) 

Fovea Centralis see Macula Lutea 

Fractures 

Laceration of the globe due to a blow-out fracture (letter) 
[Walker] 1522 (No) 

Free Radicals 

Amelioration of retinal photic injury in albino rats by di- 
methylthiourea [Lam] 1751 (De) 

Freund's Adjuvant 

Hydrogen peroxide localization in experimental optic neuri- 
tis [Guy] 1614 (No) 

FROM THE ARCHIVES OF THE ARCHIVES 

164 (Fe), 472 (Ap), 775 (Je), 1060 (Au), 1370 (Oc), 1662 (De) 

Fundus Fluorescence Photography see Fluorescein An- 
giography 

Fundus Oculi 

Localized suprachoroidal hematomas: ophthalmoscopic fea- 
tures, fluorescein angiography, and clinical course [Augs- 
burger] 968 (Jy) 

Photographic grading in retinopathy of prematurity cryo- 
therapy trial [Watzke] 950 (J <i 

Prevalence and cf a ia pam of optic dise hemorrhage in 
longitudinal study of glaucoma [ iehl] 545 (Ap) 

Relationship of drusen and abnormalities of retinal pigment 
epithelium to prognosis of neovascular macular degenera- 
tion [Bressler] 1442 (Oc) 

Retinal artery embolism following cardiac catheterization 
(letter) [Singh] 477 (Ap) 

Fungi 

Ocular uptake of fluconazole following oral administration 
[O'Day] 1006 (Jy) 

Fungus Diseases see Mycoses 


G 


Galactitol see Dulcitol 

Galactose 

Aldose reductase inhibition: the chemical key to the control 
of diabetic retinopathy? [Frank | 1229 (Se) 

Prevention of retinal vessel changes associated with diabet- 
ic retinopathy in galactose-fed dogs by aldose reductase 
inhibitors [Kador] 1301 (Se) 

Galactosemia 

Aldose reductase inhibition: the chemical key to the control 
of diabetic retinopathy? [Frank] 1229 (Se) 

Ganciclovir 

Ocular histopathologic findings in case of human herpes B 
virus infection [Nanda] 713 (My) 

Ganglia 

Immunocytochemical localization of gentamicin in rabbit 
a following intravitreal injection (Tabatabay| 723 


( 

Relative afferent pupillary defect with normal visual func- 
tion (letter) [Forman] 1074 (Au) 

Visual function deficits in glaucoma: electroretinogram pat- 
tern and luminance nonlinearities [Odom] 222 (Fe). 

—— Sarona E bed 
longenita rtrophy of retinal pigment epithelium pre- 
dicts Solaraetal polyposis in Gardner’ syndrome (Tra. 
boulsi] 525 (Ap) 

Gases 

Assessment of intraocular pressure in vitrectomized gas- 
containing eyes: clinical and manometric comparison of 
tono-pen to pneumotonometer [Lim] 684 (My) 

2-stage technique for intraoperative fluid-gas exchange fol- 
lowing pars plana vitrectomy [Williams] 1484 (Oc) 

Gasserian Ganglion see Trigeminal Ganglion 

Genetics 

Host factors, UV radiation, and risk of uveal melanoma: a 
case- control study [Seddon] 1274 (Se) 

Genetics, Biochemical 

Molecular genetics of Leber’s hereditary optic neuropathy 
[Johns] 1405 (Oc) 

Genetics, Medical 

Color matching and foveal densitometry in patients and 
carriers of an X-linked progressive cone dystrophy 
[Keunen] 1713 (De) 

Computer-assisted corneal topography in family members 
of patients with keratoconus [Rabinowitz] 365 (Mr) 

Visual pigments, blue cone monochromasy, and retinitis 
pigmentosa [Wong] 935 (Jy) 

Genetics, Molecular see Genetics, Biochemical 

Gentamicins 

Cee endophthalmitis: 2 case reports [McManaway] 
942 (Jy) 

Immunocytochemical localization of gentamicin in rabbit 
oe following intravitreal injection (Tabatabay| 723 
(My) 

Limbal lensectomy in management of ectopia lentis in chil- 
dren [Behki] 809 (Je) 

—— toxicity of intravitreal gentamicin [Brown] 1740 
(De) 

Geography 

Host factors, UV radiation, and risk of uveal melanoma: a 
case- control study [Seddon] 1274 (Se) 

Giant Cell Arteritis see Temporal Arteritis 

Glaucoma 

Apraclonidine uses [Robin] 337 (Mr) 

Ascorbic acid is cytotoxic to dividing human tenon’s capsule 
fibroblasts: a possible contributing factor in glaucoma 
filtration surgery success [Jampel | 1323 (Se) 

Atypical larvae ayer defects in high myopes with high- 
tension glaucoma [Chihara] 228 (Fe) 

Oaarapk surgery in nanophthalmic eyes [Brockhurst] 965 
(Jy) 

Changes in glaucomatous optic disc cupping or variability of 
computerized topo hic measurements? (letter) [Dan- 
dona| (reply) [Shin 635 ( My) 

Diurnal curves in glaucoma management [Morrison] 185 
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Early intraocular pressure rise after trabeculectomy [Lieb- 

mann] 1549 (N Ai 

Excessive loss of hyperopia: ponnn sign of juvenile 

f cern glaucoma [Egbert] 1257 (Se) - 

Failed filtering operations [Jampel] 495 (Ap) 3 

Glaucoma filtration surgery In monkeys using 5-fluorouri- 
dine in polyanhydride disks [Jampel] 430 (Mr) 

Glaucoma treatment and pregnancy [Spaeth] 1536 (No) 

Histopathologic validation of Fourier-ellipsometry mea- 
surements of retinal nerve fiber layer thickness [Wein- 
reb] 557 (Ap) 

Laser sclerostomy by pulse-dye laser and goniolens [Latina] 
1745 (De) 

MK-927, topical carbonic anhydrase inhibitor: dose re- 
sponse and reproducibility [Serle] 838 (Je) 

Oblique illumination during intraocular surgery (letter) 
[Spaeth] 781 (Je) 

Ocular hypotensive effect of topical carbonic anhydrase in- 
a -671,152 in glaucomatous monkeys [Wang] 511 
(Ap) 

Optic nerve head extracellular matrix in primary optic atro- 

ao! and experimental glaucoma [Morrison] 1020 (Jy) 

A eens glaucoma screening in elderly [Foreman] 
25 (Ja) 

Prevalence and significance of optic dise hemorrhage in 
longitudinal study of glaucoma [Diehl] 545 (Ap) 

Quantitative pupillometry of relative afferent defects in 
glaucoma (letter) [Jonas] 479 (Ap) 

Quantitative regional structure of normal human lamina 
cribrosa: racial comparison [Dandona] 393 (Mr) 

Serous retinal detachment following glaucoma filtering sur- 
gery [Lavin] 1553 (No) 

Solitary orbital involvement with juvenile xanthogranu- 
loma [Shields] 1587 (No) 

Tonometer utilization, accuracy, and calibration under field 
conditions [Wessels] 1709 (De) 

Trabeculoplasty: results that can mislead! (letter) [Sommer] 
(reply) [Ticho] 167 (Fe) 

Use ofinfrared videography to detect and record iris transil- 
lumination defects [Alward] 748 (My) 

Visual function deficits in glaucoma: electroretino pat- 
tern and luminance nonlinearities [Odom] 222 (Fe) 

Glaucoma, Angle-Closure 

Use of apraclonidine in the treatment of acute angle closure 
glaucoma (letter) [Krawitz] 1208 (Se) 

Glaucoma, Open-Angle 

Effect of adding prostaglandin F s 
timolol in patients with open angle 
1102 (Au) 

Influence of prior therapy on the success of trabeculectomy 
[Lavin] 1543 (No) 

MK-927: topical carbonic anhydrase inhibitor: dose response 
and duration of action [Higginbotham] 65 (Ja) 

Optic dise topography in patients with low-tension and pri- 
mary open angle glaucoma [Fazio] 705 (My) 

Glaucoma, Pigmentary see Glaucoma, Open-Angle 

Glial Fibrillary Acidic Protein 

Optic dise topography in patients with low-tension and pri- 
mary open angle glaucoma [Fazio] 705 (My) 

Photoreceptor cell differentiation in intraocular medulloe- 
pithelioma: immunohistopathologic study (letter) [Desai] 


481 (Ap) 
Glial Intermediate Filament Protein see Glial Fibrillary 
Acidic Protein 
Glomerulonephritis 
Protracted uveitis as initial manifestation of Wegener's 
none (letter) [Samuelson | 478 (Ap) 
ucose 


-isopropylester to 
aucoma [Villumsen] 


Intraocular irrigating solutions and permeability of blood- 


aqueous barrier [Araie] 882 (Je) 

Metabolic imaging of uveal melanoma using positron emis- 
sion tomography (letter) [Brancato] 326 (Mr) 

Glutathione 

Intraocular irrigating solutions and permeability of blood- 
aqueous barrier [Araie] 882 (Je) 

Glyco ins 

HLA-B7 and HLA-DR2 antigens and acute posterior multi- 
focal placoid pigment epitheliopathy [Wolf] 698 (My) 

Glyoxylates 

Ocular findings in primary hyperoxaluria [Small] 89 (Ja) 

Gonioscopy 

Laser sclerostomy by pulse-dye laser and goniolens [Latina] 
1745 (De) 

Goniotomy see Trabeculectomy 

Gonococcus see Neisseria gonorrhoeae 

Graft Rejection 

Results of penetrating keratoplasty by residents [Wiggins] 
851 (Je) 

Graft Survival 

Clinical and morphometric results of penetrating kerato- 
plasty with 1-piece anterior-chamber or suture-fixated 
posterior-chamber lenses in absence of lens capsule [Lass] 
1427 (Oc) 

Grafting, Corneal see Corneal Transplantation 

Gram ative Bacteria 

In vitro antimicrobial activity of defensins against ocular 
pathogens [Cullor] 861 (Je) 

Gram-Positive Bacteria 

aoe endophthalmitis (letter) [Cartwright] 1523 

o 
ee acnes orbital abscess (letter) [Coden] 
p 

Granulocytes 

In vitro antimicrobial activity of defensins against ocular 
pathogens [Cullor] 861 Je) 

Granuloma 

Clesure of blepharoplasty incisions with autologous fibrin 
glue [Mandel] 842 (Je) 

Granulomatous acne rosacea of eyelids [Patrinely ] 561 (Ap) 

Magnetic resonance imaging in Vogt-Koyanagi-Harada 
syndrome (letter) [Johnston ] 783 (Je) 

Microbial keratitis with crack cocaine (letter) [Strominger] 
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La 


1672 (De) 

Ocular penetration of thiabendazole (letter) [Maguire] 1675 
(De) 

Granulosa Cells 

Postoperative Pro ionibacterium granulosum endophthal- 
mitis (letter) [Walker] 1073 (Au) 

Graves’ Disease 

Graves’ ophthalmopathy: correlation of saccadic eye move- 
ments with age, presence of optic neuropathy, and extra- 
ocular muscle volume [Feldon] 1568 (No) 

Tight retracted lower eyelid [Small | 438 (Mr) 


H 


Hamartoma 

Retinal hamartoma in neurofibromatosis 2 (letter) [Landau] 
328 (Mr) 

Head Injuries 

Management of traumatic anterior ischemic optic neuropa- 
thy [Miller] 1086 (Au) 

Headache 

Nodular posterior scleritis [Brod] 1170 (Au) 

Will we master Humphrey perimeter or will Humphrey 
perimeter master us? (letter) [Manor] 107:1565 (No); cor- 
rection, 108:496 (Ap) 

Health Facilities 

ea ownership of health care facilities [Foreman] 1077 
(Au) 

Health Facilities, Proprietary see Health Facilities 

Health Facility Closure see Health Facilities 

Health Insurance for Aged and Disabled, Title 18 

AMA unveils pan to strengthen US health care system 
[Foreman] (My) 

Calculating 1990 Medicare Volume Performance Standard 
and forecasting for 1991 [Foreman] 333 (Mr) 

Cataract PPOs [Jensen] 501 (Ap) 

Does anyone know how to differentiate a ‘functional’ defect 
from a cosmetic one? [Anderson] 1685 (De) 

Johns Hopkins outcome study for cataract management 
[Foreman] 1533 (No) 

New Medicare program changes tagged on OBRA 89 [ Fore- 
man] 1221 (Se) 

pon oe glaucoma screening in elderly [Foreman] 

(Ja 
Second opinions in ophthalmic health care [Zimmerman | 192 


(Fe) 

Health Maintenance Organizations 

Calculating 1990 Medicare Volume Performance Standard 
and forecasting for 1991 [Foreman] 333 (Mr) 

Health Services Accessibility 

AMA unveils plan to strengthen US health eare system 
[Foreman] 649 (My) 

Biomicroscopic electronic imaging and data transfer (letter) 
[Garden] 637 (My) 

Blacks at greater risk for blindness (letter) [Bath] 1377, 
(reply) [Tielsch] 1378 (Oc) 

Blindness and visual impairment in an American urban 
population (letter) [Snydacker ] (reply) [Tielsch| 1377 (Oc) 

Cataract surgery: say perspective [Taylor] 797 (Je) 

gered in Turkey [Sayek] 894 (Je) 

P a ownership of health care facilities [Foreman] 1077 

u 

Heart 

Limbal lensectomy in management of ectopia lentis in chil- 
dren [Behki] 809 (Je) 

Heart Contractility see Myocardial Contraction 

Heart Disease, Ischemic see Coronary Disease 

Heart Diseases 

Retinal artery embolism following cardiac catheterization 
(letter) [Singh] 477 (Ap) 

Heart Rate 

Cardiovascular and intraocular pressure effects and plasma 
concentrations of apraclonidine [Coleman] 1264 (Se) 

Helium 

5-year follow-up of helium ion therapy for uveal melanoma 
[Char] 209 (Fe) 

Hemangioma 

Accuracy of diagnosis of choroidal melanomas in the collabo- 
rative ocular melanoma study: COMS report No 1 (Collab- 
orative Ocular Melanoma Study Group] 1268 (Se); correc- 
tion, 1708 (De) 

Hematocrit 

Leukemic infiltrate appearing as periorbital cellulitis (let- 
ter) [Grossniklaus] 484 (Ap) 

Hematoma 

Localized suprachoroidal hematomas: ophthalmoscopic fea- 
tures, fluorescein angiography, and clinical course [ Augs- 
burger] 968 (Jy) 

Pedunculated lipodermoid in oculoauriculovertebral dyspla- 
sia [Ziavras] 1032 (Jy) 

Superior oblique muscle dysfunction following anterior eth- 
moidal artery ligation for epistaxis [Couch] 1110 (Au) 

Hematopoiesis 

Vitamin A deficiency and xerophthalmia [Sommer] 343 (Mr) 

Hemifacial Microsomia see Facial Asymmetry 

Hemorrhage 

Bleeding during dacryocystorhinostomy: importance of suc- 
tion cautery (letter) [Small] 638 (My) 

Contact ultrasonography and hypotonus eyes (letter) [Sny- 
der] (reply) [Kaback] 1516 (No) 

Effect of tissue plasminogen activator on retinal bleeding 
[Sternberg] 720 (My) A 

Management of traumatic anterior ischemic optic neuropa- 
thy [Miller] 1086 (Au) 

Ocular and associated systemic findings in suspected child 
abuse: a necropsy study [Elner] 1094 (Au) 

Pretear characteristics of pigment epithelial detachments: 
study of 40 eyes [Coscas] 1687 (De) 

Prevalence and oe ier cance of optic dise hemorrhage in 
longitudinal study of glaucoma [Diehl] 545 (Ap) 

Rebleeding in experimental traumatic hyphema treated 
Lp deal tissue plasminogen activator [Williams] 
264 (Fe 
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Retinal toxicity of recombinant tissue plasminogen activa- 
tor in rabbit [Johnson] 259 (Fe) ; 

Subretinal hemorrhage management by pars plana vitrec- 
tomy and internal Saiaon ade | 973 (Jy) 

Hemosiderin ‘ 

Ocular and associated systemic findings in suspected child 
abuse: a necropsy study [Elner] 1094 (Au) 

Heparin 

Collagen shield heparin delivery for prevention of postoper- 
ative fibrin [Murray] 104 (Ja) 

Heparitin Sulfate see Mucopolysaccharides 

Hepatolenticular Degeneration 

jj aee 20 posterior limbal ring in a patient who does not 
have Wilson's disease (letter) [Lipman] 1385 (Oc) 

Hereditary Diseases 

Acquired partial nasolacrimal obstruction due to suture 
stent following esophagocolostomy (letter) [Bartley] 1074 

* (Au) 

Anophthalmia in ‘focal dermal hypoplasia syndrome [Mar- 
cus] 96 (Ja) 

Anterior chamber cholesterolosis (letter) [Eagle] 781 Je) 

Bilateral diffuse uveal melanocytic proliferation in patients 
with occult carcinoma [Gass] 527 (Ap) 

Cervical spine dislocation presenting as isolated Horner's 
syndrome [Safran] 327 (Mr) 

Computer-assisted corneal topography in family members 
of patients with keratoconus [Rabinowitz] 365 (Mr) 

Cone dysfunction in subgroup of patients with autosomal 
dominant cerebellar ataxia Hamilton] 551 (Ap) 

Congenital hypertrophy of retinal Ppa epithelium pre- 
dicts colorectal polyposis in Gardner's syndrome [Tra- 
boulsi] 525 (Ap) 

Dural sinus thrombosis with abnormalities of protein S and 
fibrinogen (letter) [Pasquale] 644 (My) 

Evaluating nystagmus in young children [Yee] 793 (Je) 

Familial trigeminal anesthesia [Keys] 1720 (De) 

Lamellar ichthyosis and congenital ectropion [Oestreicher| 
1772 (De) 

Limbal lensectomy in management of ectopia lentis in chil- 
dren [Behki] 809 (Je) 

Mae III positively detects mitochondrial mutation associat- 
ed with type I Leber’s hereditary optic neuropathy 
[Stone] 1417 (Oc) 

Management of congenital lacrimal sac fistula [Birchansky | 
388 (Mr) 

Molecular genetics of Leber's hereditary optic neuropathy 
[Johns] 1405 (Oc) 

Ocular findings in oculodermal melanocytosis [Teekha- 
saenee| 1114 (Au) 

Optic nerve hypoplasia: identification by magnetic reso- 
nance imaging Brodsky ] 1562 (No) 

Pedunculated lipodermoid in oculoauriculovertebral dyspla- 
sia [Ziavras | 1032 (Jy) 

Posterior corneal depression [Redmond] 436 (Mr) 

Respiratory epithelia in cystic choristoma of limbus [Young] 
1736 (De) 

—— sling for poor function ptosis [Anderson] 1628 
(No) 

Hereditary Motor and Sensory Neuropathies see Neuro- 
pathies, Hereditary Motor and Sensory 

Hereditary Optic Atrophy see Optic Atrophy, Hereditary 

Heredity see Genetics 

Herpes Zoster 

Management of herpes zoster [Lindquist] 185 (Fe) 

Herpes Zoster Ophthalmicus 

Herpes zoster optic neuritis in human immunodeficiency 
virus infection (letter) [Litoff] 782 Je) 

Herpesviridae 

Ocular histopathologic findings in case of human herpes B 
virus infection [Nanda] 713 (My) 

Herpesvirus hominis 

Herpetic eye disease study [Dawson] 191 (Fe) 

Herpesvirus Infections 

Ocular histopathologic findings in case of human herpes B 
virus infection [Nanda] 713 (My) 

Herpesvirus Simian B see Herpesviridae 

5,12-HETE see Leukotrienes B 

Histiocytes 

Solitary orbital involvement with juvenile xanthogranu- 
loma [Shields] 1587 (No) 

Histocytochemistry 

Conjunctival concretions: polarized microscopic, histopath- 
ologic, and ultrastructural studies [Chang] 405 (Mr) 

Histoplasmosis 

Krypton laser photocoagulation for idiopathic neovascular 
lesions: results of randomized clinical trial [Macular Pho- 
tocoagulation Study Group] 832 (Je) 

Subretinal hemorrhage during fluorescein angiography (let- 
ter) [DeJuan] (reply) [Catalano] 1063 (Au) 

HIV Infections 

Herpes zoster optic neuritis in human immunodeficiency 
virus infection (letter) [Litoff] 782 (Je) 

HLA Antigens 

Serologic evidence of Yersinia infection in patients with 
anterior uveitis [Wakefield] 219 (Fe) 

HLA-B7 Antigens 

HLA-B7 and HLA-DR2 antigens and acute posterior multi- 
focal placoid pigment epitheliopathy [Wolf] 698 (My) 

HLA-DR Antigens 

HLA-B7 and HLA-DR2 antigens and acute dog a multi- 
focal placoid pigment epitheliopathy [Wolf] 698 (My) 

HMSN see Neuropathies, Hereditary Motor and Sensory 

HMSN Type II see Neuropathies, Hereditary Motor and 


Sensory 
HMSN Type Ill see Neuropathies, Hereditary Motor and 


Sensory 

HMSN Type VII see Neuropathies, Hereditary Motor and 
Sensory 

Holmium 

Laser sclerostomy by pulse-dye laser and goniolens [Latina] 
1745 (De) 

Horner’s Syndrome 

Cervical spine dislocation presenting as isolated Horner's 
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syndrome [Safran] 327 (Mr) 

Cocaine test and Horner's syndrome (letter) [Moster] (re- 
ply) [Kardon] 1667 (De) 

Critical evaluation of cocaine test in diagnosis of Horner's 
syndrome [Kardon] 384 (Mr) 

Hyaluronic Acid 

Sodium hyaluronate and giant retinal tears (letter) [Lavin] 
(reply) faron] 480 (Ap) 

Hydrocephalus 

Recovery of spatial vision following shunting for hydroceph- 
alus [Tytla] 701 (My) 

eae papilledema in pseudotumor cerebri (letter) [To] 


y 

Hydrogen Peroxide 

Amelioration of retinal photic injury in albino rats by di- 
methylthiourea [Lam] 1751 (De) 

Hydrogen peroxide in lens care: unfounded indictments 
(letter) [Nicholson] (reply) [Tripathi] 913 (Jy) 

Hydrogen peroxide localization in experimental optic neuri- 
tis [Guy] 1614 (No) 

Hyperalimentation, Parenteral see Parenteral Hyperali- 
mentation 

Hyperemia 

Conjunctival allergen challenge: clinical a proach to study- 
ing allergic conjunctivitis [Abelson] 84 Gia) 

Hypermetropia see Hyperopia 


enone 

Atypical nerve fiber layer defects in high myopes with high- 
tension glaucoma [Chihara] 228 (Fe) 

Excessive loss of hyperopia: presenting sign of juvenile 
aphakiec glaucoma [Egbert | 1257 (Se) 

Experimental radial thermokeratoplasty in rabbits [Feld- 
man | 997 (Jy) 

eyperopia in complicated Leber’s congenital amaurosis 
[Dagi] 709 (My) 

Hyperoxaluria 

Ocular panes in primary hyperoxaluria [Small | 89 (Ja) 

Hyperoxaluria, Primary aes Hyponmania 

Hyperplasia 

Corneal epithelial and stromal reactions to excimer laser 
photreactive keratectomy: I. concerns regarding the re- 
eee of the corneal epithelium to excimer laser ablation 
[Gipson] 1539 (No); II. unpredictable corneal cicatrization 
[Cintron] 1540 (No); III. excimer laser and radial kerato- 
tomy: two vastly different approaches for myopia correc- 
tion [Binder] 1541 (No) 

Hypersensitivity 

Sulfonamide hypersensitivity and acetazolamide (letter) 
[Stock] 634 (My) 

Hypertension 

Krypton laser photocoagulation for neovascular lesions of 

e-related macular degeneration: results of randomized 
oe trial [Macular Photocoagulation Study Group] 816 
(Je) 

Prevalence and eperieance of opar dise hemorrhage in 
longitudinal study of glaucoma [Diehl | 545 (Ap) 

Hyperthermia see Fever 

Hypertropia see Strabismus 

Hyphema 

Anterior chamber cholesterolosis (letter) [Eagle] 781 (Je) 

Anterior chamber crystals following hyphema (letter) [He- 
mady] 14 (Ja) 

Eye injuries in children in Israel: nationwide collaborative 
study [Rapoport] 376 (Mr) 

Rebleeding in experimental traumatic hyphema treated 
with intraocular tissue plasminogen activator [Williams] 
264 (Fe) 

Hypohidrosis 

Cervical spine dislocation presenting as isolated Horner's 
syndrome [Safran] 327 (Mr) 

rpptomy 

Contact u hye ey and hypotonus eyes (letter) [Sny- 
der} (reply) [Kaback] 1516 (No) 

xia see Anoxia 


ichthyosis 

Lamellar ichthyosis and congenital ectropion [Oestreicher| 
1772 (De) 

IgG 


Antibodies to Epstein-Barr virus in iridocorneal endothelial 
Eynarome [Tsai] 1572 (No) 
Ig 


Serologic evidence of Yersinia infection in patients with 
anterior uveitis [Wakefield] 219 (Fe) 

imidazoles 

Effects of vasocon-A in allergen challenge model of acute 
allergic conjunctivitis [Abelson] 520 (Ap) 

Immune Sera 

Immunocytochemical localization of gentamicin in rabbit 
a following intravitreal injection [Tabatabay] 723 
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Serologie evidence of Yersinia infection in patients with 
anterior uveitis [Wakefield] 219 (Fe) 

Yersinia infection in acute anterior uveitis (letter) [Larkin] 
1515 (No) 

Uveomeningoencephalitic Syndrome see Uveitis 


V 


Valine 

Vitreous amyloidosis associated with homozygosity for the 
transthyretin methionine-30 gene [Sandgren ] 1584 (No) 

Valsalva’s Maneuver 

Contact ultrasonography and hypotonus eyes (letter) [Sny- 
der] (reply) [Kaback] 1516 (No) 

Vancomycin 

Postoperative Propionibacterium granulosum endophthal- 
mitis (letter) [Walker] 1073 (Au) 

Varicella-Zoster Virus 

Herpes zoster optic neuritis in human immunodeficiency 
virus infection (letter) [Litoff] 782 (Je) 

Vasculitis 

Ocular manifestations of patients with circulating antineu- 
trophil cytoplasmic antibodies [Pulido] 845 (Je) 

Protracted uveitis as initial manifestation of Wegener's 
granulomatosis (letter) [Samuelson] 478 (Ap) 

Vasoconstrictor Agents, Nasal 

Conjunctival allergen challenge: clinical approach to study- 
ing allergic conjunctivitis [Abelson ] 84 (Ja) 

Video Recording 

In vivo videography of rhesus monkey accommodative ap- 
paratus: age-related loss of ciliary muscle response to 
central stimulation [Neider] 69 (Ja) 

New ophthalmic electronic videoendoscope system for in- 
traocular surgery [Eguchi] 1778 (De) 

Use of infrared videography to detect and record iris transil- 
lumination defects [Award] 748 (My) 

Vinyl Compounds 

In vivo angiogenic activity of interleukins [BenEzra] 57: 


(Ap) 

Vision Disorders 

Scotopic sensitivity syndrome (Helveston] 1232 (Se) 

Vision, Monocular 

Arrangement of ocular dominance columns in human visual 
cortex [Horton] 1025 (Jy) 

Vision Tests 

Equations for Snellen equivalent (letter) [Kalenak| 319 (Mr) 

Ganzfeld blankout occurs in bow] perimetry and is eliminat- 
ed by translucent occlusion [Fuhr] 983 (Jy) 

Macular photostress test in diabetic retinopathy and age- 
related macular degeneration [Wu] 1556 (No) 

Mae III positively detects mitochondrial mutation associat- 
ed with type I Leber’s hereditary optic neuropathy 
[Stone] 1417 (Oc) 

Reliability of automated perimetric tests (letter) [Katz] 777, 
(reply) [Johnson] 778 (Je) 

Reproducibility of normal corneal power measurements 
with keratometer, photokeratoscope, and video imaging 
system [Hannush] 539 (Ap) 

Visual Acuity 

Blindness and visual impairment in American urban popula- 
tion: Baltimore Eye Survey [Tielsch | 286 (Fe) 

Blindness and visual impairment in an American urban 
population (letter) [Snydacker] (reply) [Tielsch| 1377 (Oc) 

Can empty sella syndrome be mistaken for a progressive 
form of nonarteritic ischemic optic neuropathy? (letter) 
[Mutlukan] 1066, (reply) [Sergott | 1067 (Au) 

Cataract surgery in nanophthalmic eyes [Brockhurst} 965 


y) 

Clinical and morphometric results of penetrating kerato- 
plasty with 1-piece anterior-chamber or suture-fixated 
posterior-chamber lenses in absence of lens capsule [Lass] 
1427 (Oc) 

Combined phacoemulsification and pars plana vitrectomy 
[Koenig | 362 (Mr) 

Does anterior ischemic optic nerve sheath decompression 
help progressive ischemic optic neuropathy? (letter) [Wil- 
son] 1065, (reply) [Sergott] 1066 (Au) 

Early vitrectomy for severe vitreous hemorrhage in diabet- 
ic retinopathy: 4-year results of randomized trial: Diabet- 
ic Retinopathy Study report 5 [Diabetic Retinopathy Vi- 
trectomy Study Research Group] 958 (Jy); correction, 
1452 (Oc) 

Echographic features of the Vogt-Koyanagi-Harada syn- 
drome [Forster] 1421 (Oc) 

Encroaching lens loops (letter) [Olson | 784 (Je) 

Equations for Snellen equivalent (letter) [Kalenak | 319 (Mr) 

Eye injuries in children in Israel: nationwide collaborative 
study [Rapoport | 376 (Mr) 

Functional blindness in photorefractive keratectomy (let- 
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ter) [Blodi] (reply) [McDonald] 318 (Mr) 

Herpes r optic neuritis in human immunodeficiency 
virus infection (letter) [Litoff] 782 (Je) 

Krypton laser photocoagulation for idiopathic neovascular 
lesions: results of randomized clinical trial [Macular Pho- 
tocoagulation Study Group] 832 (Je) ; 

Krypton laser photocoagulation for neovascular lesions of 
age-related macular degeneration: results of randomized 
og trial [Macular Photocoagulation Study Group] 816 

e i 

Leukemic infiltrate appearing as periorbital cellulitis det- 

ter) [Grossniklaus] 484 (Ap) 


Limbal lensectomy in management of ectopia lentis in chil- ` 


dren [Behki] 809 (Je) 

Microsporidial keratoconjunctivitis in acquired immunode- 
ficiency syndrome [Friedberg] 504 (Ap) 

Multicenter trial of cryotherapy for retinopathy of prematu- 
rity: 1-year outcome-structure and function [Cryothera- 
py for Retinopathy of Prematurity Cooperative Group| 
1408 (Oc) 

Nodular posterior scleritis [Brod] 1170 (Au) 

Nonarteritic ischemic optic neuropathy in identical female 
twins: improvement of visual outcome in one by anterior 
aome optic nerve decompression (letter) [Manor | 1067 
(Au) 

Oblique illumination during intraocular surgery (letter) 
[Spaeth] 781 Je) 

Persistent and recurrent neovascularization after krypton 
laser photocoagulation for neovascular lesions of age-re- 
lated macular degeneration [Macular Photocoagulation 
Study Group] 825 (Je) 

Photographic grading in retinopathy of prematurity eryo- 
therapy trial [Watzke] 950 (Jy) 

Postoperative Propionibacterium granulosum endophthal- 
mitis (letter) [Walker] 1073 (Au) 

Protein S deficiency associated with central retinal artery 
occlusion (letter) [Golub] 918 (Jy) 

Recovery of spatial vision following shunting for hydroceph- 
alus [Tytla] 701 (My) 

Relaxing retinotomies and retinectomies: surgical results 
and predictors of visual outcome [Han] 694 (My) 

Removal of radiation-induced cataracts in patients treated 
for retinoblastoma [Brooks] 1701 (De) 

Results of penetrating keratoplasty by residents [Wiggins] 
851 (Je) 

Results of penetrating keratoplasty for treatment of corneal 
perforations [Nobe] 939 (Jy) 

Retinal pigment epithelial tears through fovea with preser- 
vation of good visual acuity [Bressler] 1694 (De) 

Role of optic nerve sheath fenestration in management of 
anterior ischemic optic neuropathy (letter) [Hayreh] 
1063, (reply) [Sergott | 1064 (Au) 

Serous retinal detachment following glaucoma filtering sur- 
gery [Lavin] 1553 (No) 

Subretinal hemorrhage management by pars plana vitrec- 
tomy and internal drainage [Wade] 973 (Jy) 

Subretinal neovascularization following multiple evanes- 
cent white-dot syndrome (letter) [Wyhinny | 1384 (Oc) 

Too much eye surgery? (letter) [Spizziri| (reply) [Zimmer- 
man] 1379 (Oc) 

Use of soft-tipped extrusion needle for epimacular mem- 
brane peeling (letter) [Flynn] 20 (Ja) 

Visual acuity loss in retinitis pigmentosa: relationship to 
visual field loss [Madreperla] 358 (Mr) 

Visual Cortex 

Arrangement of ocular dominance columns in human visual 
cortex [Horton] 1025 (Jy) 

Posterior precortical vitreous pocket [Kishi] 979 (Jy) 

Subconjunctival 5-fluorouracil-induced transient striate 
melanokeratosis (letter) [Stank] 1210 (Se) 

Visual Fields 

Arrangement of ocular dominance columns in human visual 
cortex [Horton] 1025 (Jy) 

Atypical nerve fiber layer defects in high myopes with high- 
tension glaucoma [Chihara| 228 (Fe) 

Early intraocular pressure rise after trabeculectomy [Lieb- 
mann] 1549 (No) 

Ganzfeld blankout occurs in bowl perimetry and is eliminat- 
ed by translucent occlusion [Fuhr] 983 (Jy) 

Optic dise topography in patients with low-tension and pri- 
mary open angle glaucoma [Fazio] 705 (My) 

Prevalence and significance of optic disce hemorrhage in 
longitudinal study of glaucoma [Diehl] 545 (Ap) 

Reliability of automated perimetric tests (letter) [Katz] 777, 
(reply) [Johnson] 778 (Je) 

Threshold perimetry in tilted dise syndrome [Brazitikos] 
1698 (De) 

Visual acuity loss in retinitis pigmentosa: relationship to 
visual field loss [Madreperla] 358 (Mr) 

Visual function deficits in glaucoma: electroretinogram pat- 
tern and luminance nonlinearities [Odom] 222 (Fe) 

Vitamin A 

Xerophthalmia and cystic fibrosis [Brooks | 354 (Mr) 

Vitamin A Deficiency 

Assessment of vitamin A status by a dise applicator for 
conjunctival impression cytology [Keenum] 1436 (Oc) 

Corneal perforation in patients with vitamin A deficiency in 
United States [Suan] 350 (Mr) 

ha A deficiency and xerophthalmia [Sommer | 343 (Mr) 
tiligo 

Magnetic resonance imaging in Vogt-Koyanagi-Harada 
syndrome (letter) [Johnston] 783 (Je) 

Vitrectomy 

Assessment of intraocular pressure in vitrectomized gas- 
containing eyes: clinical and manometric comparison of 
tono-pen to pneumotonometer [Lim] 684 (My) 

Basic fibroblast growth factor levels in vitreous of patients 
pi proliferative diabetic retinopathy [Sivalingam] 869 
(Je) 

Combined phacoemulsification and pars plana vitrectomy 
[Koenig] 362 (Mr) 

Comparative treatment of experimental Staphylococcus 
epidermidis endophthalmitis [Meredith] 857 (Je) 
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Early stages of macular holes: to treat or not to treat [De 
Bustros] 1085 (Au) a 

Early vitrectomy for severe vitreous hemorrhage in diabet- 
ic retinopathy: 4-year results of randomized trial: Diabet- 
ic Retinopathy Study report 5 [Diabetic Retinopathy Vi- 
trectomy Study Research Group] 958 (Jy); correction, 
1452 (Oc) 

Effect of tissue plasminogen activator on retinal bleeding 


__ [Sternberg] 720 (My) 
Flow 


yw dynamics of extrusion needle vacuuming in closed 
vitrectomy system [Danis] 267 (Fe) 

Management of traumatic hemorrhagic retinal detachment 
with pars plana vitrectomy [Han] 1281 (Se) 

Modified tuning connections for vitrectomy can be danger- 
ous (letter) [Frambach] 781 (Je) 

E g needle for iris suture fixation [Murray] 746 

y 

Pars plana vitrectomy for acute retinal detachment in pene- 
trating ocular injuries [Liggett] 1724 (De) 

Removal of radiation-induced cataracts in patients treated 
for retinoblastoma [Brooks] 1701 (De) 

Risk of developing a macular hole [Akiba] 1088 (Au) 

Sodium hyaluronate and giant retinal tears (letter) [Lavin] 
(reply) [Brown] 480 (Ap) 

Subretinal hemorrhage management by pars plana vitrec- 
tomy and internal drainage | Wade] 973 (Jy) 

Surgical techniques and reattachment rates in retinal de- 
tachment due to macular hole [Kuriyama] 1559 (No) 

2-stage technique for intraoperative fluid-gas exchange fol- 
lowing pars plana vitrectomy [Williams] 1484 (Oc) 

Vitreous cefazolin levels after intravenous injection: effects 
of inflammation, repeated antibiotic doses, and surgery 
[Martin] 411 (Mr) 

Vitreous Body 

Anterior chamber crystals following hyphema (letter) [He- 
mady] 14 (Ja) 

Basic fibroblast growth factor levels in vitreous of patients 
co proliferative diabetic retinopathy [Sivalingam] 869 

e) 

Comparative treatment of experimental Staphylococcus 
epidermidis endophthalmitis [Meredith | 857 (Je) 

Co “i endophthalmitis: 2 case reports [McManaway | 

y 

Early stages of macular holes: to treat or not to treat [De 
Bustros] 1085 (Au) 

Echographic features of the Vogt-Koyanagi-Harada syn- 
drome [Forster] 1421 (Oc) 

Extraretinal cytomegalovirus infection following retinal re- 
attachment surgery in a patient with acquired immunode- 
ficiency syndrome (letter) [Margo] 1215 (Se) 

Long-term inhibition of cellular proliferation by immuno- 
toxins [Hermsen] 1009 (Jy) 

Pneumatic retinopexy [Jarrett] 657 (My) 

Posterior precortical vitreous pocket [Kishi] 979 (Jy) 

Relaxing retinotomies and retinectomies: surgical results 
and predictors of visual outcome [Han] 694 (My) 

Risk of developing a macular hole [Akiba] 1088 (Au) 

Role of photocoagulation in management of retinoblastoma 
[Shields] 205 (Fe) 

Ultrasonography with nonophthalmic equipment (letter) 
[Johnston] 1516 (No) 

Vitreous amyloidosis associated with homozygosity for the 


Arch Ophthalmol—Vol 108, December 1990 


transthyretin methionine-30 gene [Sandgren] 1584 (No) 

Vitreous cefazolin levels after intravenous injection: effects 
of inflammation, repeated antibiotic doses, and surgery 
[Martin] 411 (Mr) 

Vitreous fluorophotometry in insulin-dependent diabetes 
mellitus: correlation with microalbuminuria and diastolic 
blood pressure [Jackson] 1733 (De) 

Vitreous surgery and uveitis [Brockhurst} 29 (Ja) 

Vitreous Fluorophotometry see Fluorophotometry 

Vitreous Hemorrhage 

Clearance of experimental vitreous hemorrhage after pan- 
retinal cryotherapy is related to macrophage influx [Wil- 
liams] 595 (Ap) 

Combined phacoemulsification and pars plana vitrectomy 
[Koenig] 362 (Mr) 

Early vitrectomy for severe vitreous hemorrhage in diabet- 
ic retinopathy: 4-year results of randomized trial: Diabet- 
ic Retinopathy Study report 5 [Diabetic Retinopathy Vi- 
trectomy Study Research Group] 958 (Jy); correction, 
1452 (Oc) 

Ocular and associated systemic findings in suspected child 
abuse: a necropsy study [Elner] 1094 (Au) 

Pars plana vitrectomy for acute retinal detachment in pene- 
trating ocular injuries [Liggett] 1724 (De) 

Vitreous surgery and uveitis |Brockhurst] 29 (Ja) 

Vogt-Koyanagi-Harada Syndrome see Uveitis 


w 


Wegener's Granulomatosis 

Ocular manifestations of patients with circulating antineu- 
trophil cytoplasmic antibodies [Pulido] 845 (Je) 

Protracted uveitis as initial manifestation of Wegener's 
granulomatosis (letter) [Samuelson] 478 (Ap) 

Weights and Measures 

Tonometer utilization, accuracy, and calibration under field 
conditions | Wessels] 1709 (De) 

White Dot Syndrome 

Subretinal neovascularization following multiple evanes- 
cent white-dot syndrome (letter) [Wyhinny] 1384 (Oc) 

Whites 

Size or, shape of optic dise in normal human eyes [Quigley] 
51 (Ja) 

Women 

Cardiovascular and intraocular pressure effects and plasma 
concentrations of apraclonidine [Coleman] 1264 (Se) 

Spontaneous involution of a choroidal osteoma (letter) 
[Buettner] 1517 (No) 

Wound Healing 

Ascorbic acid is cytotoxic to dividing human tenon’s capsule 
fibroblasts: a possible contributing factor in glaucoma 
filtration surgery success [Jampel]| 1323 (Se) 

Comparison of wound healing in sutured and unsutured 
corneal wounds [Melles] 1460 (Oc) 

Corneal epithelial and stromal reactions to excimer laser 
photreactive keratectomy: I. concerns regarding the re- 

oe of the corneal epithelium to excimer laser ablation 

[Gipson] 1539 (No); II. unpredictable corneal cicatrization 
[Cintron] 1540 (No); III. excimer laser and radial kerato- 
tomy: two vastly different approaches for myopia correc- 
tion [Binder] 1541 (No) 

Immunofluorescence study of corneal wound healing after 


excimer laser anterior keratectomy in the monkey eye 
Lory A 1316 (Se) 

Topical fibronectin and aprotinin for keratectomy wound 

ealing in rabbits [Boisjoly] 1758 (De) 

Topical nonsteroidal agents and corneal wound healing 

Hersh] 577 (ap) 

Wound healing after excimer laser keratomileusis (photore- 
fractive keratectomy) in monkeys [Fantes] 665 (My) 

Wounds and Injuries see also Eye Injuries 

Causes of pediatric eye injuries: population-based study 
[Strahlman] 603 (Ap) 

Eye injuries in children in Israel: nationwide collaborative 
study [Rapoport] 376 (Mr) 

Laceration of the globe due to a blow-out fracture (letter) 
[Walker] 1522 (No) 

Rebleeding in experimental traumatic hyphema treated 
with intraocular tissue plasminogen activator [Williams] 
264 (Fe) 

Wounds, Gunshot 

Penetrating pellet fragmentation: complication of ocular 
shotgun injury [Ford] 48 (Ja) 

Wounds, Eaa 

Extracranial optie nerve decompression for traumatic optic 
neuropathy [Joseph] 1091 (Au) 

Wounds, Penetrating 

Pars plana vitrectomy for acute retinal detachment in pene- 
trating ocular injuries [Liggett] 1724 (De) 


X 


X Chromosome 

Color matching and foveal densitometry in patients and 
carriers of an X-linked progressive cone dystrophy 
[Keunen] 1713 (De) 

Xanthoma, Juvenile 

Solitary orbital involvement with juvenile xanthogrann- 
loma [Shields] 1587 (No) 

Xenon 

Role of eee lation in management of retinoblastoma 
[Shields] 205 (Fe) 

Xerophthalmia 

Assessment of vitamin A status by a disc applicator for 
conjunctival impression cytology [Keenum] 1436 (Oc) 

Corneal perforation in patients with vitamin A deficiency in 
United States [Suan] 350 (Mr) 

Vitamin A deficiency and xerophthalmia [Sommer] 343 (Mr) 

Xerophthalmia and cystic fibrosis [Brooks] 354 (Mr) 

Xylazine see Thiazines 


Y 


Yeasts 
Pigon and treatment of fungal keratitis [Feder] 1224 
(Se 


Yersinia Infections 

Serologic evidence of Yersinia infection in patients with 
anterior uveitis [Wakefield] 219 (Fe) 

Yersinia infection in acute anterior uveitis (letter) [Larkin] 
1515 (No) 

Yersinia Pseudotuberculosis Infections see Yersinia In- 
fections 
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Classified Advertising 


All classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or 
related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Box 








CLASSIFIED 
INFORMATION 


Regular Classified 1Time  3Times 
or more” 

Cost per word $1.05 $ .95 

Minimum ad: 20 words. per issue 


“In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Classified Display 1Time 3Times 
Full page $655 $603 
Two-thirds page 561 516 
One-half page 495 456 
One-third page 393 362 
One-sixth page 262 241 


Column inch 90 75 


Minimum display ad: one column inch 
12-time and 24-time rates available on request. 


Box Service 


Available for all ads. The cost is $15.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


archives of ology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
National 800-237-9851 O Local 813-443-7666 





Professional Opportunities 


SOUTHERN CALIFORNIA 


Exceptional opportunity to join, by earn-in 
purchase, busy and growing Riverside County 
practice located one hour from Los Angeles. 


This modern, state-of-the-art equipped office 
with its friendly and cohesive staff is consi- 
dered the premier practice within the family 
and retirement oriented community. The 
excellent year round weather and strong 
economy assure good surgical, medical 
volume and profit. 
For further information: 


Roy D. Sutton, III 
XELAN, INC. 


5250 West Century Boulevard, Suite 450 
Los Angeles, CA 90045 è (213) 216-2500 





Professional Opportunities 


GENERAL OPHTHALMOLOGIST — Prestigious, 
well-established ophthalmology practice in Chicago 
and northern suburbs looking for associate to 
begin immediately. Fellowship training in plastics, 
medical retina or cornea are desirable but not man- 
datory. Potential to possible partnership. Salary 
negotiable. Box #629, c/o AOP. 


MICHIGAN — OPHTHALMOLOGIST with plastics 
training needed for unique opportunity. Excellent 
starting salary with full partnership potential. Please 
respond to: Box #633, c/o AOP. 





TWO BUSY OPHTHALMOLOGISTS (with cornea 
and glaucoma subspecialties) looking for associate. 
Beautiful town of Lancaster, Pennsylvania. with latest 
diagnostic and OR equipment. 11⁄4 hours from Phila- 
delphia and Baltimore. Fully automated office. Un- 


usual Opportunity for exciting practice and ideal family 
life-style. For further information, send CV and salary 
expectations to: Barton L. Halpern. MD. 1532 Lititz 
Pike. Lancaster, PA 17601 





GENERAL OPHTHALMOLOGIST to join a six phy- 
sician eye clinic in beautiful Portland, Oregon. Full- 
time position with excellent salary and fringe bene- 
fits. Send CV and cover letter to: L.K. Jones, OMEC, 
1955 N.W. Northrup, Portland, OR 97209. 


OPHTHALMOLOGIST — Multi-specialty clinic in 
Seattle seeking BC/BE general ophthalmologist to 
join a large ophthalmic practice. Position would 
entail working at central and peripheral locations. If 
interested, please send CV and list or references to: 
Dr. George Pugsley, 1100 Ninth Avenue, Seattle, 
WA 98101. FAX #: (206) 223-6947. 


CORNEAL 


CONSULTANTS 
OF INDIANA 


MEDICAL OR NON-SURGICAL 


CORNEA AND EXTERNAL DISEASE SPECIALIST 


Must enjoy ophthalmology and caring for 
patients. Stimulating private practice environ- 
ment with large commitment to clinical research. 
Flexible work schedule and benefits. All qualified 
applicants please contact: Anna Settle, Corneal 
Consultants of Indiana, 9002 North Meridian 
Street, Suite 100, Indianapolis, IN 46260. 





RETINA: Retina-vitreous group in large midwest- 
ern city seeks fellowship-trained associate leading 
to partnership. Busy, congenial practice with excel- 
lent financial opportunity. Reply with resume to: 
Box #632, c/o AOP. 


OPHTHALMOLOGIST: Large multi-specialty 
group seeks an ophthalmologist for general oph- 
thalmology practice with focus on medical/surgical 
aspect. Training, expertise in advance glaucoma 
management desired. BC/BE. Excellent oppor- 
tunity in established group practice located in 
Minneapolis/St. Paul area. Excellent working con- 
ditions with premium benefits and salary. Contact: 
Nancy Borgstrom, Aspen Medical Group, 1020 
Bandana Boulevard West, St. Paul, MN 55108. (612) 
641-7185. EOE. 





PLEASE NOTE—Address replies to box number 
ads as follows: Box number, , C/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 








Inquiries about “BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
_____., C/o AOP. P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Ophthalmology. 


Professional Opportunities 


ESTABLISHED PRACTICE in Kentucky, expand- 


ing to three ophthalmologists, seeks well-trained, 
ethical associate. This private practice has superb 
practice environment with new facility, well-trained 
staff and excellent equipment. Ideal family setting 
in small university town with beaucoup de recrea- 
tion. If interested, please send CV and personal 
cover letter to: Box #625, c/o AOP. 


CORNEA: Cornea group seeks additional associ- 


ate for high volume surgical practice, limited to 
cornea and external disease; fellowship required. Con- 
tact: Theodore Perl, MD, Corneal Associates of 
New Jersey, (201) 736-1313. 


OPHTHALMOLOGY — PEDIATRICS 


Board-eligible/-certified pediatric ophthalmologist 
sought to join our six ophthalmologists and seven 
optometrists in West Reading, Pennsylvania. We are 
located one hour northwest of Philadelphia, Pennsyl- 
vania. Berks County is an excellent medical community 
and family environment. We have modern, well- 
equipped offices with certified allied health profes- 
sionals. We offer superior salary and fringe benefits, 
with the opportunity for partnership. Interested indi- 
viduals should send curriculum vitae to: Mr. David L. 
O'Donnell, Administrator, 

West Reading Ophthalmic Associates 

206 South Sixth Avenue, West Reading, PA 19611 
Telephone: (215) 378-1348 


Ophthalmologist 


Ophthalmologist to join 
existing department in 
expanding multi-specialty 
clinic located in northern 
suburb of Minneapolis. 
Department currently 
consists of one 
ophthalmologist, two 
optometrists, certified 
ophthalmic and optometric 
technicians. 


Full service general 
ophthalmology practice 
with limited emergency 
call schedule. Highly 
competitive first year 
salary guarantee; 
production directed 
compensation; excellent 
benefits package. 


Respond with CV to: 


W. EDWIN GOULD, MD 
13986 MAPLE KNOLL WAY 
MAPLE GROVE, MN 55369 


(612) 420-5700 
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Professional Opportunities 


OPHTHALMOLOGIST—BC/BE to associate with 
a two physician department in an eighty physician, 
multi-specialty group. City of 63,000 on Puget 
Sound, thirty miles north of Seattle. Opportunity for 
an exceptional personal/professional lifestyle. 
Position available summer 1991. Send CV to: 
Richard A. Davidson, MD, The Everett Clinic, 3901 
Hoyt Avenue, Everett, WA 98201. 


NEW YORK, SARATOGA SPRINGS. Well estab- 
lished solo ophthalmologist seeks ethical and 
personable BC/BE general ophthalmologist to join 
growing practice in cosmopolitan Saratoga Springs 
in upstate New York. Interests in anterior segment, 
glaucoma, pediatrics and plastics are desirable but 
not mandatory. Enjoy working in bright, spacious, 
well equipped, new office with four modern exam 
rooms. Equipment includes Argon/YAG lasers, A 
and B scan ultrasound, autorefractor, Humphrey 
field analyzer, and photographic equipment. Out- 
patient surgery and ER facility at hospital (across 
the street). Competitive salary guarantee plus 
incentives and excellent benefit package. Located 
three hours from New York City, Montreal and Bos- 
ton, and a half hour from Albany, Saratoga is a 
historic, close-knit community with lovely neigh- 
borhoods, fine restaurants, specialty shops and 
entertainment including thoroughbred racing and 
the Saratoga Performing Arts Center. Proximity 
to Lake Placid, the Adirondacks and the Green 
Mountains of Vermont is ideal for skiers and out- 
door enthusiasts. Please forward CV to: Thomas 
Francomano, MD, c/o Denise Romand, Medical 
Staff Recruiter, Saratoga Hospital, 211 Church 
Street, Saratoga Springs, NY 12866. For more 
information call the recruitment office at: (518) 583- 
8465 (days), or (518) 583-3120 (evenings). 


SOLO PRACTICE—General ophthalmology. Profit- 
able high per capita income west Texas. Modern 
office equipment, minor operating suite, micro- 
scope, ultra sound, micro surgical instruments. 
Two hospitals, good schools, college and univer- 
sity. High practice expansion potential in pediatrics 
and surgery. Box #635, c/o AOP. 











= Professional Opportunities 


ARKANSAS—CORNEAL SURGEON: Willing to 
perform some cataract surgery. High volume surgi- 
cal practice seeking fellowship trained corneal sur- 
geon. Beautiful college community with abundant 
recreational activities. Send CV and references to: 
Box #920, c/o AOP. 


PEDIATRIC OPHTHALMOLOGIST 


Second, full-time, academic pediatric ophthal- 
mologist needed for expanding department at 
children’s hospital. BE/BC, fellowship trained. 
Clinical, research and teaching responsibilities. 


Position available immediately or will discuss 
starting date. Contact: David J. Schanzlin, MD, 
Chairman, Department of Ophthalmology, St. 
Louis University School of Medicine, Bethesda 
Eye Institute, 3655 Vista, St. Louis, MO 63110. 





VITREO-RETINAL SURGEON needed to join busy 
midwest medical and surgical retina-only practice. 
Fully equipped, multi-office practice. Fellowship 
required. Excellent salary with buy-in leading to 
partnership. Ideal area for family living with year 
round recreation and excellent school systems. 
Box #623, c/o AOP. 


CORNEAL 
CONSULTANTS 
OF INDIANA 


GLAUCOMA SUBSPECIALIST 


Busy referral subspecialty practice seeks full-time 
glaucoma subspecialist. Applicant must be fellow- 
ship trained, board-certified or board-eligible. 
Responsibilities will include clinical research. All 
qualified applicants please contact: Anna Settle. 
CORNEAL CONSULTANTS OF INDIANA 
9002 North Meridian Street, Suite 100 
Indianapolis, IN 46260 





Marshfield Clinic, a large mul- 
tispecialty group practice, is 
seeking a General Ophthalmol- 
ogist for a satellite practice op- 
portunity in Central Wisconsin. 


This opportunity provides com- 
plete practice set-up, support 
staff, established billing practices, 
and security in salary and bene- 
fits by being associated with a 
large dynamic group practice. 


Set in a scenic small city near our 
main facility, this opportunity af- 
fords easy access to a wide vari- 
ety of outdoor recreational 
activities, with freeway access 
less than 25 miles away. 


For more information, contact 
Dr. Thomas Stram, Marsh- 
field Clinic, 1000 North Oak 
Avenue, Marshfield, WI 
54449 or call (715) 387-5236. 





Pediatric 
Ophthalmologist 


=A umana Hospital-Lexington 


being recruited for affiliation with 


Center for Advanced Eye Surgery 


Lexington, Kentucky 


offers outstanding opportunity to establish private practice in association with 
tertiary care group in an established setting 


Requirement: 
l-2 years in an approved 
pediatric fellowship 


Salary Guarantee 


Strong Referral Base provided 


Contact Bruce Koffler, MD at 120 N. Eagle Creek Dr., Ste. 431, Lexington, KY 40509 


or at (606) 263-4631 
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Manhattan Eye, Ear 
and Throat Hospital 


Is seeking a board-certified oph- 
thalmologist to direct the residency 
training program. This one- or two- 


year position is an outstanding op- 
portunity for someone who has 
recently completed an academic 
fellowship and is interested in estab- 
lishing a practice in New York City. 


The physician will supervise the res- 
idents' clinical and surgical training 
and will coordinate an extensive 
academic calendar. There is oppor- 
tunity for private practice. 


Please send CV to: 


Ms. Mary Matthews 
Manhattan Eye, Ear & Throat Hospital 
210 East 64th Street 
New York, NY 10021 





Pediatric 
Ophthalmologist 


Marshfield Clinicis seeking a fellowship- 
trained Pediatric Ophthalmologist to 
join its 9 member Ophthalmology De- 
partment. Existing staff includes spe- 
cialists in retina, cornea, glaucoma, 
neuroophthalmology and general oph- 
thalmology. The Shnic is one of the 
nation’s largest multispecialty clinics 
with over 300 physicians serving Central 
and Northern Wisconsin. Outstanding 
Department of Pediatric subspecialists 
to support your practice as well. If inter- 
ested please contact: 


James Holzberger, M.D. 
Department of Ophthalmology 
By calling collect at 715-387-5236 





Marshfield Clinic 











Directors Wanted 


The Wilmer Eye Institute 


of 
The Johns Hopkins University 
School of Medicine 
is accepting applications for 


DIRECTOR OF OPHTHALMOLOGY 


at Homewood Hospital Center - North 


The Johns Hopkins University School of 
Medicine is now accepting applications for 
the position of Director of Ophthalmology at 
Homewood Hospital Center-North, an affil- 
iate institution. Persons with a distinguished 
record of accomplishment in teaching, re- 
search, administration and clinical care are 
invited to apply. Academic rank and com- 
pensation are dependent upon prior expe- 
rience. A detailed curriculum vitae, including 
a list of publications and four (4) letters of 
recommendation should be addressed to: 

Morton F. Goldberg, MD 

Professor and Chairman 

THE WILMER EYE INSTITUTE 
Maumenee 505 

600 North Wolfe Street, Baltimore, MD 21205 


The Johns Hopkins University is an 
equal opportunity/affirmative action employer 





Faculty Positions 


FACULTY POSITIONS AVAILABLE 


The Department of Ophthalmology at the Univer- 
sity of Kentucky invites applications for faculty 
positions in General Ophthalmology and Vitreo- 
Retina. Academic rank, title and salary based 
upon qualifications. Send CV and inquiries to: 
Robert S. Baker, MD 
Chairman 
Department of Ophthalmology 
UNIVERSITY OF KENTUCKY 
MEDICAL CENTER 
800 Rose Street 
Lexington, KY 40536-0084 
An equal opportunity/affirmative action employer. 





THE DEPARTMENT OF OPHTHALMOLOGY, Jules 
Stein Eye Institute of the UCLA School of Medicine 
is recruiting for a full-time academic faculty 
appointment in refractive surgery. Candidate must 
have training in cornea/external ocular ‘disease in 
addition to skills in basic and clinical research in the 
field of refractive surgery. Applicants should submit 
a current curriculum vitae to: Thomas H. Pettit, MD, 
Chairman, Search Committee, Department of Oph- 
thalmology, Jules Stein Eye Institute, UCLA School 
of Medicine, 100 Stein Plaza, Los Angeles, CA 
90024-7003. UCLA is an equal opportunity/affirma- 
tive action employer. 


The Wilmer Eye Institute of The 
Johns Hopkins University School of 
Medicine is accepting applications for 


Staff Ophthalmologist 


at Homewood Hospital Center - North 


The Johns Hopkins University School of Medi- 
cine is now accepting applications for the posi- 
tion of staff ophthalmologist at Homewood 
Hospital Center-North, an affiliate institution. 
Persons with a distinguished record of accom- 
plishment in ophthalmic teaching, research and 


clinical care are invited to apply. Academic rank 
and compensation are dependent upon prior 
experience. A detailed curriculum vitae, includ- 
ing a list of publications and four (4) letters of 
recommendation should be addressed to: 


Morton F. Goldberg, MD 
Professor and Chairman 


THE WILMER EYE INSTITUTE 


Maumenee 505 

600 North Wolfe Street, 

Baltimore, MD 21205 
The Johns Hopkins University is an equal opportuni- 
ty/affirmative action employer. 





GLAUCOMA 
FACULTY 
POSITION 


Full-time academic position is avail- 
able in the Glaucoma Section of the 
Department of Ophthalmology at 
Indiana University School of 
Medicine at the level of assistant 
professor on the tenure track. 
Qualifications for position are 
completion of accredited 
ophthalmology residency and 
glaucoma fellowship, board- 
certification or -eligibility and very 
strong interests in clinical and basic 
science research. Responsibilities 
include participating in curriculum 
development and teaching of 
residents and medical students, 
staffing private and clinic patients 
of Indiana University Hospitals, 
Wishard Memorial Hospital and VA 
Hospital. Individuals must have 
very strong clinical interests and 
interests in clinical research, and be 
willing to support basic science 
research as well. 

Send CV and six letters of 
reference to: 


Robert D. Yee, MD 

c/o Sandra Eads 

Indiana University 
Department of Ophthalmology 
702 Rotary Circle #337B 
Indianapolis, Indiana 46202 
Indiana University is an equal 
opportunity action employer. 


CORNEA/ EXTERNAL 
DISEASE 


ASSISTANT/ ASSOCIATE 
PROFESSOR 
STANFORD UNIVERSITY 


Stanford seeks a full-time academically- 
oriented assistant or associate professor 
to direct the Corneal and External Disease 
Service at Stanford and to be Chief of the 
Ophthalmology Section at our affiliated 
VA Medical Center. The position will be 
funded jointly by Stanford and the VA. 
Candidates should have the ability to 
direct and build a strong cornea/external 
disease service at Stanford, to develop an 
independent research program, and to 
supervise the teaching program at the VA. 


Appropriate fellowship training and 
research experience are required. Stan- 
ford University is committed to increasing 
representation of women and members of 
minority groups on the faculty, and partic- 
ularly encourages applications from such 
candidates. Please send curriculum vitae 
and the names of three references to: 


Michael F. Marmor, MD 
Chairman, Department of Ophthalmology 


Room A-157 

Stanford 
University 
Eh School of 
Medicine 


Stanford, CA 94305-5308 
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Faculty Positions 


The Wilmer Eye Institute 


of The 
Johns Hopkins University 
School of Medicine 


The Johns Hopkins University School of Medi- 
cine is now accepting applications for a faculty 
position to set up an infectious disease labora- 
tory. Persons with a distinguished record of 
accomplishment in research and administration 
are invited to apply. Academic rank and com- 
pensation are dependent upon prior experience. 
A detailed curriculum vitae. including a list of 
publications and four (4) letters of recom- 
mendation should be addressed to: 

Morton F. Goldberg. MD 

Protessor and Chairman 


THE WILMER 
EYE INSTITUTE 


Maumenee 505 
600 North Wolfe Street 
Baltimore. MD 21205 
The Johns Hopkins University is an equal 
opportunity/affirmative action employer. 
























CHAIRMAN OF OPHTHALMOLOGY: The Long 
Island Jewish Medical Center is searching for a 
Chairman of its Department of Ophthalmology. The 
medical center is an 825-bed tertiary care institution 
with over 40 fully approved residency training pro- 
grams and fellowships, and a total house staff com- 
plement of over 550 residents and fellows. LIJ has 
major responsibilities for medical student teaching 
in all required clinical clerkships. Fully accredited 
ophthalmology residency training program; large 
full-time and voluntary faculty. The Chairman of 
Ophthalmology is responsible for the professional 
staffing and services at the medical center and at our 
municipal hospital affiliate, the Queens Hospital 
Center, a 540-bed general hospital. Candidates 
must be board-certified with proven experience as a 
clinician, educator and investigator and should 
qualify for academic appointment at the level of 
professor at the Albert Einstein College of Medicine. 
Please submit curriculum vitae in confidence to: 
Richard Laskin, MD, Chairman of the Search Com- 
mittee for Ophthalmology, Chairman, Department 
of Orthopaedic Surgery, Long Island Jewish Medi- 
cal Center, New Hyde Park, NY 11042. LIJ is the 
Long Island Campus for the Albert Einstein College 
of Medicine. An equal opportunity employer. 






The Wilmer Eye Institute 
of the Johns Hopkins University 
School of Medicine 
is accepting applications for 


VITREORETINAL 
SURGEON 


The Johns Hopkins University School of 
Medicine is now accepting applications for 
the position of vitreoretinal surgeon at the 
Wilmer Institute. Persons with a distin- 
guished record of accomplishment in 
vitreoretinal teaching, research and clinical 
care are invited to apply. Academic rank 
and compensation are dependent upon 
prior experience. A detailed curriculum 
vitae, including a list of publications and 
four (4) letters of recommendation should 
be addressed to: Travis Meredith, MD, 
Director of Vitreoretinal Surgery, 
THE WILMER EYE INSTITUTE 
Maumenee 505 
600 North Wolfe Street, Baltimore, MD 21205 


The Johns Hopkins University is an equal 
opportunity/affirmative action employer. 


PLEASE NOTE— Address replies to box number 
ads as follows: Box number, , c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 








































Faculty Positions 


WANTED: ORTHOPTIST for full-time position at 


University of Texas Medical Branch at Galveston 
(UTMB). Practice with full-time faculty pediatric 
ophthalmologist. Opportunity for stimulating teach- 
ing and research. Competitive salary and good 
fringe benefits. Galveston beach resort has excel- 
lent climate for year-round outdoor activities. UTMB 
is an equal opportunity M/F/H/V affirmative 
employer. UTMB hires only individuals authorized 
to work in the United States. Contact: Mary Ann 
Lavery, MD, Pediatric Ophthalmologist: (409) 761- 
3638 days, or (409) 744-8707 evenings. Send resume 
to: Employment Division, Rt. A-39, UTMB, Galves- 
ton, TX 77550. 


Fellowships 


OPHTHALMIC PLASTIC SURGERY FELLOWSHIP: 
Broad clinical experience provided. Over 1,500 
cases per year, Kresge Eye Institute affiliated. Con- 
tact: Dr. Gladstone or Dr. Nesi, 29201 Telegraph 
Road, Suite 305, Southfield, MI 48034. Fellowship 
begins July 1992. 


Medical Equipment/ Supplies 


BELROSE’S NEW UNITS—Motorized chair with 
foot pedals. Smoked grey with black tufted cushions 
with matching stand, three counter balanced arms, 
three wells with push button control for chair. Call 
for special price. Belrose, 3734 Oakton, Skokie, IL 
60076. (708) 675-2300. 








DOCTORS: Don't throw your equipment away. We 
pay top dollar for your equipment. We buy, sell, 
service optical equipment. Write or call your list of 
inventory to: Belrose Refracting Equipment Com- 
pany, 3734 Oakton Street, Skokie, IL 60076-3444. 
(708) 675-2300. Established 1953. 


Positions Available 


SOUTH GEORGIA— Positions available: General 
ophthalmology or any subspecialty. High starting 
salary plus incentive bonus and excellent benefits. 
Partnership available after one or two years. Con- 
tact, in confidence: Tom Whatley, 116 West Sturte- 
vant Street, Orlando, FL 32806. 


MIDWEST RETINA PRACTICE in major metropoli- 
tan area seeks another associate. Excellent facilities 
with academic affiliation. Send resume in confi- 
dence to: Box #637, c/o AOP. 





Positions Wanted 


VITREORETINAL SURGEON: Personable, ener- 
getic, caring individual with exceptional clinical 
skills and caseload experience desires to relocate to 
retina-only practice or large multi-specialty oph- 
thalmology group in metropolitan area. Reply: Box 
#636, c/o AOP. 


Practices Available 


PRACTICE SALES are confidential and guaran- 
teed. NMA is the specialist to call for professional 
help in buying or selling. National Medical Alliance, 
Inc., 8136 Old Keene Mill Road, Suite 208B, Spring- 
field, VA 22150. (703) 866-5908 or (800) 331-1986. 


CORNEA PRACTICE — FOR SALE 
Part of a seven-person ophthalmology group 
Established clientele for cornea, refractive 
and cataract surgery. Excellent clinical facil- 


ity centered in beautiful, green southwestern 
city. Great opportunity for professional 
success in a quality environment. Available 
summer 1991. Box #631, c/o AOP 





FREE PRACTICE! Just lease modern office at 
appraised rate of $10.50/foot with bond guarantee 
of payment. In fantastic Boise, Idaho. Box #634, c/o 
AOP. 


EXCELLENT LOCATION in sunny southern 
California. Optical practice. Three day week with 
potential for much more. Turn key operation, 
patients, equipment, lease, reasonable. Seller wishes 
to retire. If interested, call Donna at: (714) 771-6595. 





Neuro-Ophthalmology/ 
Oculoplastics 


Marshfield Clinic is seeking a 
fellowship trained neuro- 
ophthalmologist to join its nine 
member Ophthalmology Department. 
Additionally, a desirable candidate 
would also have interest and training 
in oculoplastics and/or orbital 
surgery. Existing staff includes one 
busy neoro-ophthalmologist and 
specialist in retina, cornea, 
glaucoma, and general 
ophthalmology. Marshfield Clinic is 
one of the nation's largest 
multispeciality group practices, with 
more than 300 physicians serving 
Central and Northern Wisconsin, 
more than 55 subspecialties, and an 
established research foundation. A 
524-bed acute care teaching hospital 
physically adjoins the clinic facility. 
Ample opportunity and support exists 
for clinical research and teaching. If 
interested, please call: 


Collect at (715)389-3225 
and ask for 
Dan Jacobson, M.D. 


Marshfield Clinic 





Attention Ophthalmologists: 


A SOCIETY OF 
OFFICE BASED 
OPHTHALMIC 
SURGEONS 


is forming for the purpose 
of negotiating 
reimbursement from 
Medicare when eye surgery 
is performed in a private, 
office based, non-certified 
operating room. 


Interested ophthalmologists 
please contact: 


J.P. Huberman, MD 
41705 County Road 48 
Southold, NY 11971 
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Associat 


Collective action by independently Case in point: 
practicing physicians can violate 


: At a recent medical society meeting, during the discussion of a 
U.S. antitrust laws unless i 


proposed HMO agreement, several doctors said that they would 





hysicians proceed ha À i > 
Si saba not participate in the plan unless the payor increased reimburse- 
y y- ment. If a substantial number of physicians later declined to 

participate in the HMO, the medical society and its members 
could be sued, and a jury could find them guilty of a group 
boycott in violation of U.S. antitrust laws. 

This may be the most important The American Medical Association, Office of the General 

book you'll ever read: Counsel, has published this book to help you avoid 

i antitrust pitfalls and improve your ability to bargain 
Collective Ml cil P 6 
a effectively with payors. 

Negotiation : i 

and Antitrust 

A Guide for Physicians — i — 
To Order, Call Today: 1-800-621-8335 
Price: $5.00 (AMA Members ) 

$7.50 (Non-members ) 
PA N N d NN AA AA A y NEZIN 
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Polytrim® Ophthalmic Solution Sterile 
(trimethoprim sulfate and polymyxin B sulfate) 





INDICATIONS AND USAGE: Polytrim Ophthalmic Solution is 
indicated in the treatment of surface ocular bacterial infections, 
including acute bacterial conjunctivitis, and blepharoconjunc- 
tivitis, caused by susceptible strains of the following microor- 
ganisms: Staphylococcus aureus, Staphylococcus epidermidis, 
S pneumoniae, Streptococcus viridans, Haemophilus 
influenzae and Pseudomonas aeruginosa* * Efficacy for this or- 
ganism in this organ system was studied in fewer than 10 infec- 
tions. CONTRAINDICATIONS: Polytrim Ophthalmic Solution is 
contraindicated in patients with known hypersensitivity to any 
of its components. WARNINGS: NOT FOR INJECTION INTO THE 
EYE. If a sensitivity reaction to Polytrim occurs, discontinue use. 
Polytrim Ophthalmic Solution is not indicated for the prophylaxis 
or treatment of ophthalmia neonatorum. PRECAUTIONS: 
General: As with other antimicrobial preparations, prolonged 
use may result in overgrowth of nonsusceptible organisms, 
including fungi. If superinfection occurs, appropriate therapy 
should be initiated. Information for Patients: Avoid contam- 
inating the applicator tip with material from the eye, fingers, or 
other source. This precaution is necessary if the sterility of the 
drops is to be maintained. If redness, irritation, swelling or pain 
persists or increases, discontinue use immediately and contact 
your physician. Carcinogenesis, Mutagenesis, Impairment of 
Fertility: Carcinogenesis: Long-term studies in animals to 
evaluate carcinogenic potential have not been conducted with 
polymyxin B sulfate or trimethoprim. Mutagenesis: Trimetho- 
prim was demonstrated to be non-mutagenic in the Ames assay. 
In studies at two laboratories no chromosomal damage was 
detected in cultured Chinese hamster ovary cells at concentra- 
tions approximately 500 times human plasma levels after oral 
administration; at concentrations approximately 1000 times 
human plasma levels after oral administration in these same cells 
a low level of chromosomal damage was induced at one of the 
laboratories. Studies to evaluate mutagenic potential have not 
been conducted with polymyxin B sulfate. Impairment of Fer- 
tility: Polymyxin B sulfate has been reported to impair the 
motility of equine sperm, but its effects on male or female fertility 
are unknown. No adverse effects on fertility or general reproduc- 
tive performance were observed in rats given trimethoprim in 
oral dosages as high as 70 mg/kg/day for males and 14 mg/kg/day 
for females. Pregnancy: Teratogenic Effects: Pregnancy 
Category C. Animal reproduction studies have not been 
conducted with polymyxin B sulfate. It is not known whether 
polymyxin B sulfate can cause fetal harm when administered to 
a pregnant woman or can affect reproduction capacity. Trimetho- 
prim has been shown to be teratogenic in the rat when given in 
oral doses 40 times the human dose. In some rabbit studies, the 
overall increase in fetal loss (dead and resorbed and malformed 
conceptuses) was associated with oral doses 6 times the human 
therapeutic dose. While there are no large well-controlled studies 
on the use of trimethoprim in pregnant women, Brumfitt and Pur- 
sell, in a retrospective study, reported the outcome of 186 preg- 
nancies during which the mother received either placebo or oral 
trimethoprim in combination with sulfamethoxazole. The inci- 
dence of congenital abnormalities was 4.5% (3 of 66) in those who 
received placebo and 3.3% (4 of 120) in those receiving trimetho- 
prim and sulfamethoxazole. There were no abnormalities in the 
10 children whose mothers received the drug during the first 
trimester. In a separate survey, Brumfitt and Pursell also found 
no congenital abnormalities in 35 children whose mothers had 
received oral trimethoprim and sulfamethoxazole at the time of 
conception or shortly thereafter. Because trimethoprim may 
interfere with folic acid metabolism, trimethoprim should be used 
during pregnancy only if the potential benefit justifies the poten- 
tial risk to the fetus. Nonteratogenic Effects: The oral adminis- 
tration of trimethoprim to rats at a dose of 70 mg/kg/day com- 
mencing with the last third of gestation and continuing through 


‘parturition and lactation caused no deleterious effects on gesta- 


tion or pup growth and survival. Pediatric Use: Safety and 
effectiveness in children below the age of 2 months have not been 
established (see WARNINGS). ADVERSE REACTIONS: The most 
frequent adverse reaction to Polytrim Ophthalmic Solution is local 
irritation consisting of transient burning or stinging, itching or 
increased redness on instillation. These reactions occur in less 
than 4 of 100 patients treated. Polytrim has a low incidence of 
hypersensitivity reactions (less than 2 of 100 patients treated) 
consisting of lid edema, itching, increased redness, tearing and/or 
circumocular rash. Although sensitivity reactions to trimethoprim 
are rare, an isolated incident of photosensitivity was reported 
in a patient who received the drug orally. 


© ALLERGAN PHARMACEUTICALS 


Allergan Pharmaceuticals, A Division of Allergan, Inc. 
Irvine, CA 92713 ©1990 Allergan, Inc. 


The University of Miami School of Medicine 
Department of Ophthalmology 


presents 


UVEITIS FOR 
THE PRACTICING OPHTHALMOLOGISTS 


January 18-19, 1991 
Bascom Palmer Eye Institute 
Miami, Florida 


GUEST FACULTY 
Mark Blumenkranz, M.D.—Detroit, Michigan 
Robert Nussenblatt, M.D.—Bethesda, Maryland 
Robert Weinberg, M.D.—Richmond, Virginia 


UNIVERSITY OF MIAMI FACULTY 
Elaine Chuang, M.D. 
Scott Cousins, M.D. 

W.W. Culbertson, M.D. 
Janet L. Davis, M.D. 
Harry W. Flynn, Jr., M.D. 
J. Donald M. Gass, M.D. 
Alana Grajewski, M.D. 
Stephen Pflugfelder, M.D. 
J. Lawton Smith, M.D. 
J. Wayne Streilein, M.D. 


Registration is $225.00 including coffee breaks, 
eh on Friday, January 18, and all course ma- 
erials. 


The University of Miami School of Medicine is ac- 
credited by the Accreditation Council for Con- 
tinuing Medical Education (ACCME) to sponsor 
continuing medical education for physicians, and 
designates this continuing medical education ac- 
tivity for 9.5 credit hours in Category 1 of the 
Physician's Recognition Award of the American 
Medical Association. 


Write: 

UVEITIS COURSE, Bascom Palmer Eye Institute 
P.O. Box 015869: Miami, FL 33101 
Telephone: 305/326-6099 
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Your Single Souree 
for Small Incision Surgery. 
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Total Surgical Syste 


Your choice... Peristaltic or 
ara por dee Systems 
with phaco, cutting, bipolar, 
fiberoptic, ultrasound and I/A 
modules to meet your needs. 


Phaco handpiece delivers smooth, 
virtually “bubble-free” emulsifica- 
tion for visual clarity. 


Surgeon controlled power. 


True modularity for reduced down- 
time and economical upgrades. 


Overnight service; next day 
delivery. 

_SLIMFIT™ Small Incision 
Ovoid Lenses 
Thin optic profile for easy insertion. 


nts . 
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A 
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PRESET waAcuUM . 
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DO WOT ACTWATE PUMP NEAD 
WITHOUT CASSETTE IW PLACE 


PMMA material with over 40 years 
of proven experience. 


Four lens designs currently avail- 
able, additional one and three- 
piece styles coming soon. 


No change in insertion technique. 


Pharmaceutical Products 

A full line of high quality surgical 

products: 

e Miochol* Intraocular miotic 

e Amvisc’ Plus viscoelastic 

* IOCARE* Balanced Salt Solution 
15ml and 500ml sizes 

° Inflamase’ Forte potent steroid 

e Dexacidin” antibiotic/steroid 
combination 


Sore Se Ve ee 





. Gentacidin’ b 
antibacterial 


Educational Services 


The Physician's Education 
Program offers residents and 
practicing ophthalmologists one 
and two-day courses such as 
Three Steps to Phaco and Next 
Step to Phaco. Some CME 
accreditation available. 
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IOLAB Audiovisual Library 
includes comprehensive informa- 
tion on products, techniques and 
technologies. All tapes are for loan 
or purchase. 


Quality products and services from IOLAB, a Johnson & Johnson company. 





CAUTION: U.S. law restricts this device to sale | 


by or on the order of a physician. | 


Prior to use, please refer to the product information package 
insert for indications, cautions, warnings and precautions 
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IOLAB Corporation, 500 IOLAB Dr. Claremont, CA 91711 
714/624 -2020. Customer Service-Toll Free: 800/255-2500 








| CAUTION: Federal law prohibits dispensing | 
without a prescription | 











See package insert for product and dosage intormation 
© IOLAB 1990 1090-1429 





Polytrim Ophthalmic Solution, containing = 
the antimicrobial agent trimethoprim, is the first , 
new ophthalmic anti-infective to appear in nine i 
years, And it may be one of the most remarkable. ” ' 

Polytrim Solution was proven 98% 
clinically effective in the treatment of ac 
bacterial conjunctivitis, blepharitis and blepharo- 
conjunctivitis in a randomized, double- masked 
comparative study.! : 

In vitro, Polytrim Solution i is active 
against the most oo ocular pathogens, 


Whats Been Missing he k BE n. 
From Your Coverage Of 

Ocular Anti-Infectve "Trimethoprim & 
Therapy? F d Polymyain B 


~ Streptococcus pneumoniae, Staphylococcus 
-~ aureus, Haemophilus influenzae and 
Pseudomonas aeruginosa. ! In vitro data are not 
always predictive of clinical results. Re 
Polytrim Solution is well-tolerated, 
demonstrating no corneal toxicity in clinical 
trials. In a study involving over 800 patients, © 
the incidence of hypersensitivity reactions was 
less than2%. And that can mean better patient 
scotia | 
So for effective, yet gentle, ocular anti- i, 
infective therapy, choose new Polytrim Solution. | 
And experience well-tolerated, broad- 
spectrum ophthalmic coverage as you never 
have before. 


Polytrim — 
Ophthalmic Solution Sterile 


(trimethoprim sulfate 0.1% Se oe 
polymyxin B sulfate 10,000 be ' ne ” : 


The everyday solution for T 
spectrum ocular anti-infectwe therapy. 


Polytrim Ophthalmic: Solution isnot indicated for the prophjaisor 
treatment of « ophthalmia neonatorum. | ft aes 
L Ashley KC. The antimicrobial activitygf topical anti- infective soe ie 
‘eparations. Med Lab Sci 1986;43:157-162. ; 
nie see a adjacent page for re prescribing information Ai 


= ALLERCAN PHARMACEUTICALS Allergan Pharmaceuticals. A Division of erek Inc. Irvine, CA 92713 © 1990 Allergan, Inc. 





